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1 of 2 # 
(To this Szeoxp Eprtton) 


By Dr. DESAGUETERS. 


res almoſt twenty Years, ſince 
“Wr. BAOWwN E deſired me to 
* 1 lock over his Tranſlation of this 
RES Treatiſe of Catoptrics and Di- 
trics, and his own large Sup- 


e — ——— 


with the Original, and the Addenda very 
proper for ſuch Perſons as apply themſelves 
to Optics; and accordingly allowed him to 
mention my Approbation of the Work. 


Now the Book being out of Print, and a 
great Demand made for it, the Doctor was 
requeſted, by Mr. Curr, to publiſh a new 


Edition of it: But as he lives at Him in 
Norfolk, he could not, as he wrote him Word, 


fix any certain Time for the Publication; he 
therefore has deſired me to do it for him, al- 


6 ſa 2] lowing - 


74 


— 


"2 4 1 Would think fit. 
ion 

. rors ol the re, and in the Plates, e 
have chrrece Bur I hade made ſome 


8 given 4 full Deſcription o 


Eienuatious, except 


aan. 


ditions in his Introduction and his Supplee , 


ment; "and, have, by a” 7 of Appengia, 
of he * Sorts « 
Txrescoprs," at preſent 


RHectic 


much in Vogue, and ſo o juſtly valued ; which 


I have explained by 
Fourth P late. . 


. — in a 


The Reader Will find hs have been the - 
Inventors and Imitators of theſe Teleſcopes, - 


by Sir Isaac NewToNs and Dr. JA MEG 
GrEcorYS* LETTERS, written near 


— 
Py oe e : 8 
2 


ſixty Years ago; ſo much of which I have + 


tranſcribed from the Originals (now in the 
Poſſeſſion of WILLIAM Jones, Eſq;) as 
relates to theſe Matters: And the Public are 
wholly indebred for the Uſe of them to that 


excellent Mathematician and ingenious Me- 


chanic. JonNn Haprey, Eſq; Vice- 
' Preſident of the Royal Society. | 


As it may be expected that I ſhould give 
fome Account of our Author, I have here 
ſubjoined what AnTHony 4 Wood ſays 
of him (in his Fafti Oxon. Vol. IT. Page 
225. ) vis. 


3 Uncle to our Author, who wrote the Optica promota, 
"arid publiſhed it in 1663. I 


8 | «© Dav1 D 
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2 8 grades 44 pF. Vii "OB 
Cz verſity of Edinburgh, was admitted to h © 4, | 
_ **Reftory'of Brighrzoell, near was -- , 
in Berkſhire, 1691. The ſame Year he | 
> accumulated the Degrees in 145 and 


became aden cba 
* College.” oh. eg? 


b Gentleman, with. xe ern 
e Aberdeen, and moſtly educated there, * 
* Pl hath . — — de * 
| Dimon igurarum; ects % 
* men Methodi general Jimctiends Pp N | 
. , dam Figuras. Edenb. 1684. qu. At 
« Ye time * was 3 Profeſſor 
© there. 


* His Uncle, Mr. JaxrsGriconr, 
printed at Padua, in the Year 1667; a 
© Book entituled, Vera Circuli 0 Hyper- 
* bole Ouadratura. 
e In the Philoſophical Tranfaltions, 
af Ne. 207, Jan. 1693, is, Solutio proble- 
* matica Florentini de celiformi quadra- 
A « he by our Author David Gaecory, 
* then Fellow of the Royal Society. 


ce In the Philoſophical Tranſaftions, N®. 


* 214, is, An Epiſtle from Dr. CEE 
10 


[ 


iv PRE FACE. 


cc % Sir Rob BRT SoUuTHWELL, af. 
© certaining ſome Mathematical Incen- 
< 'tj0n5 to their N Dated Nov. 1 55 


3 


He publiſhed ufo, gur OPTRICE 
4. WA DiorTRICz Spherice Elementa. 
© Oxon. 1695. 8yo.” A Tranſlation of 
which being what is here undertaken. And 


CIO are added, 
* 1 7 


L A Method Yor finding. the Foes of alt 
© Specula, as well as Lens's, univerſally. 
As alſo for Magniſying or Leſſening a 
given Ohiect by a given Speculum or 
"bay! in any aſſigned Proportion, Go. 


Il. A Solution of thoſe Problems which 
Dr. GR OR 1 has left undemon- 


ſtrated. 


* A des Account of Mic aoscopks 
and TE LES cOESs, from Mr. Hurd EN 
With an Introduction, ſhewing the Diſ- 
coveries made by CaTortRICs and 
Drorrxies. By Dr. BAOwN E. 


\ » 
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EPN HEA R wit ll 


to Mr. CURL I. 


SIR. 9 
n Vm Fah, 1734. 
Received yours. GREGOR was the Child 

of my Youth; you was ſo good as to tate 
it of my Hands, and undertook to bring 
it up and maintain it at your on Charge: 
that it is now more properly yours than mine. 
As to a new Edition of it, I 257 engage to 
do it by any particular Time, ecauſe our 
leiſure Hours are ſo very uncertai: So that 
if you could get the ſame thing done by the 
Gentlemen you mention (Dr. DzsacuLitks, or 
Mr. Jo xs) which muſt be worth your while, 
they are ſo much more capable of doing it than 
my ſelf, that; with the Recommendation of their 
Names, I apprehend the Work would, meet with 
a much more favourable Reception from the 
Public; and ſecure, in conſequence, a larger 
Share of what you may expect from it your ſelf. 
Very ſure I am, that your publiſhing only a 
correct Edition of the ſelf-ſame Work, without * 
Alterations and Augmentations, will never an- Mr 
ſwer in any reſpect. But judge for your ſelfs > 
and whatever it is you undertake, I heartily wiſh , 
Succeſs ; only, if you will take my Advice, don't 
grudge the compleating it on the beſt Terms you 
can, by either of ehe Gentlemen you named. 


I am 3 
Your old Friend, and 
Humble Servant, 


W. BrowNE: 


PREPAGCE 


ASecond LETTER from Dr. Browns 
| to Mr. CURLL. 


Dear SIR, 
1 5 Lynn, Nov. 2, 1734. 


1 AM glad you have put Dr. GRE G ORT 
into ſo much better Hands than mine. 
I have nothing to add; nor would I 
by any means, by any thing of mine, dimi- 
niſh the Value of an Edition, which will 
be much. more eſteemed, in being republiſh- 
ed by Dr. DESACGCUTIE ASV. | 


J am, 
¶ Vith Service to Him) 
His and your humble Servant, 


W. BRowNs. 
Dr. Bxownz's Two LETTERS! 
to Mr. Cuxrr, ſhew that every thing 


bas been done in Concert with That Gen- 
tleman. , Ns 


J. T. DESAGULIERS. 
0 * 


— 
Nov, 21, 1734. 


RT ful) in Lee 
n ures, i the Univerſity of 
Edinborgugh (1684) T have compoſed for 
the Uſe of young Students, in ſuch s manner, 
that nothing but E UCL 1D s;Geometry is 
required towards the underſtanding them. 
Fo thaugh I have hkewiſe demonſlrated 
om higher Prenciples, . Spheres and 
Gmoids obſerve the * xg both m 
ede and mfputding Light 5 yer thoſe 
who are ſolicigous tuly:about the Proper- 
ties of Plane and Sperical Surfaces, may, 
without the leaſl Ineonveniency, paſs over 
all that. Theſe laſt am what "ve have 
more eſpecially conſidered, as alſo ſuch 
ieal s as are made by a 


g* 4 Combma- © 


Ops 


— 


T R— 7 


P NE ACE. 
Sp of them; that is * 5 


Effetts ariſe either from a feng le Lens or 


Speculum, or 
ther. I __ as KEPLER did be- 
fare me, made uſ ef ſome Paltulata, 
"that come not quite up to Geometrical 
Striffneſs, but 7 are of - Service 
in reſolving 92 in Natural eee. 
which My otheruſe be extremely intri- 
cate. If. theſe Elements be yon! capa- 
ble of mſirutting ſuch as are leſs cunver- 
ſant in Oprien I * have wh aaa 


| Pee 1655 
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* HOSE Queſtions concern- 
ing the Nature of LV CID 
Bop tEs, and of L1Gar, 
which uſually coſt Philoſo- 
phical Writers ſo much Pains 
== and Trouble, we have, after 
the Example of Mathematicians, omitted. 
For if they, who by their Inventions, have 
ſo much improved this Science, had employ- 
ed all their Time in enquiring into the 
abſolute” Nature of its Object, and the 
moſt hidden Cauſes of its Phenomena, 
not-contented with deducing after a Geome- 
trical Manner from thoſe more ſimple and 
eaſily obſerved Properties of Light, others 
leſs obvious; Optics had fallen much ſhort 
of that Perfection to which they are now 
arrived. Therefore whether Light be the 
Action of the lucid Body driving on thoſe 
Bodies that lie next it, which likewiſe drive 
on others next to them, and ſo on of the 
reſt, none of them in the mean time ſin- 
gly moving any conſiderable Space; or 
whether it conſiſts, which is much more 
likely, of Corpuſcles projected with a very 
great Velocity from the lucid Body thro' 
the eircumambient Spaces; or whether it 
be of a quite different Nature, and ſuch as 
a 2 may 


»t 
2 
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may hereafter, pr perhaps never, be per- 

fealy diſcovered ; yet we may cafily be al- 
lowed to aſſume this Property of it, which 
is ſimple enough, and confirmed by Expe- 
riments, That from every lucid Point Rays 
are every way propagated in an Orb, and, 
in a Medium that is homogeneal, axe dif- 


fuſed in right Lines (ſuch being the bort 


eſt) after the ſame uniform Tenour. 


But if thoſe Rays meet with a Medium 
differently affected, whoſe Parts either 


| ſtrike them back, or diffuſe. them more or 


leſs than the Parts of the former Medium 
did, they will then ſuffer an Inflexion, by 
which general Name,. I would, with other 
Authors, underſtand their Reflexion, as 
well as Refraction. For Light ſtriking 
upon a Surface, that abſolutely. denies it 
Entrance, but yet hinders not its being dif- 
fuſed after the ſame manner as before, will 
all of it return back the eaſieſt way it can 
find, diffuſing itſelf till as at firſt ; this 
is called Reflexion of Light, and the Sci- 


" ence which treats of the Laws it obſerves, 


according to the different Incidence of Rays 
upon Bodies of different Figures, is called 
Cateptrics, But if the Medium, upon 


which the Light ſtrikes, allows indeed a 


Paſſage to its Rays, but then ſo as that 
they muſt be either more or leſs diffuſed 
than before, every Ray will be nag 
veer | from 
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from the right Line, in which it was be- 
fore diſpoſed to and this Inflexi- 
on is called Refratction; and the Science 


which demonſtrates the Laws and Effects 
of it, is called Djoprrics. 0 


The Radiant is that, from every Point 
of which Rays ate propa gated. 


Parallel Rays, are ſuch as are equi di 
ſtant from one another. 


Diverging Rays, are ſuch; « as 5 if pro- 
duced both ways, meet on the Side contra- 
ry to that Were: which they move. 


Converging Rave, are ſuch 285 if pro- 
duced, meet on the ſame Side towards 
which they move. 


It muſt be obſerved, that this Parallel Een, 


Divergency,' and Convergenty, is to be un- 
derſtood of Rays all from ao 
as Point. 


The Focus is that Point, in which Rays 
proceeding from the ſame Point of the Ra- 
diant, being oduced, do meet; whence 
the Focus o parallel Rays is looked upon 
as infinitely diſtant. 


1 


ml 
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. "hes as 1 If, . that which 
is made by the incident Ray, and a right 
Line perpendicular to the inflocking Sauk 
at the Point of Incidence. | | 


211 Phe, Augle of Reflexion;.. is that which 
is made by the reflected Ray, end the ſame 
Perpendicular. 
- 10-12-9768 26 ts 
The Angle if Refrattion, is that which 
is made by the refracted 1M and * 
_ Perpendicular ME | 
O .9D1iC- 33. 17 ' 
The. two Glowing bropetions .- we 
have aſſumed for Axioms, becauſe they a- 
gree both with Geawettical + 


and Experiments. 
A X10 M 8. 


1. A Ray. of Light fallin per odi- 
cularly upon an — 4 ling 9 —— 
; E directly Cried, or is reflected 

ck upon itſelf. For ſince the Directi- 
on of the Ray to the inflecting Surface is, 
of all that can be drawn from the radiant 
Point, either the leaſt, if the inflecting 
Surface be a Plane, or perhaps, where this 
Circumſtance is wanting, the greuteſt, and 
in both Caſes a determinate, and only one 
of its kind, the Ray will (till perſiſt in 
1 the 
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the ſame Direction, either proceeding for- 
ward, or returning backward. For there 
are innumerable right Lines inclined” to 


this only one in any given Angle, no one 


of which can conſequently claim to its ſelf 
the Direction of the Ray with greater Ju- 
ſtice than the reſt. 


2. If a Plane be ſuppoſed, produced 
thro” the incident Ray, and a right Line 
ndicular to the inflecting Surface at 
the Point of Incidence, the inflected Ray 
will likewiſe be found in the ſame Plane ; 
or, which is the ſame thing, every Inflexi- 
on is made in a Surface that is perpendi- 
cular to the inflecting Surface. And this 
Surface ſhall, according to ALHAZEN, 
be called the Plane of Inflexion. For 
ſince this Plane is either the /zaft or great- 
eſt of all that can be produced thro' the 
radiant Point, to the infleting Surface, 
and conſequently an only one, the Propoſi- 
tion is demonſtrated after the ſame manner as 
the former: And indeed if we more cloſe- 
ly conſider it, we ſhall find the former to 
be only a particular Caſe of this latter. 


THE 
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| Showing the bine made by). 


= 1 
Canons erstes 
41 2410 rich 


= * Dr. BROWNE. 0 


1 3 1 
$5 


= ＋ is 4 ED Encourager 
ſor thoſe ho wo RE 
99 55 Palus to perfect RN 
705 y: Science, to 
Bp mw; of TE: 
Cot Fe he to underſtand 
it: And hyce.,there is no 
Pare Ts ry oßſo xeal and general Be- 
nefit LOSE as.this,vf Caraptrics and 
Droprrics, it is but lltice both to, the 
Subject anf Reader, ro $ivc Fame, Account 
of the many wondarful Diſcoveries. which 
we owe entirely to this Science. 
[b}]- The 
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ii INTRODUCTION. 
The Sight of Man is of it ſelf confined 
to very narrow Views; and though it takes 
in a great part of the Creation at once, yet 
all is repreſented in Miniature and imper- 
fectly. The naked Eye ſees only ſo much 
of external Objefs as is ſufficient to move 
the principal Paſſions, and give notice of 
what more immediately concerns the Safety 
and Happineſs ef the Animal. What is more 
than this, was left as a Subject for our Cu- 
rioſity, upon which we might exerciſe thoſe 
Faculties which are beſtowed by our boun- 
tiful Creator for this very End, of ſearch- 
ing into the aſtoniſhing Mechaniſm of all 
his Works, and from thence enlarging our 
Idea of his Greatneſs. Objects placed at 
a fan Diſtance, whether upon the Surface 
of our Earth, or in the Heavens, are ſeen 
under ſo fmall an Angle, that their Parts 
are not to be diſtinguiſhed one from ano- 
ther; and by this means thcſe diſtant charm- 
ing Scenes of Nature were hid from us, 
which the Study of Caroprrics and: Diop- 
tries has ſince laid open to our View. This 
noble Part of Knowledge teaches us how; 
by a due Poſition of G/afſes ground into 
certain Figures, we may enlarge the Dia- 
meters of the heavenly Bodies, and all ſuch 
Objes to which we are allowed no nearer 
Approach, in what Proportion we 'pleaſe, 
5 5 ; AII I'HD art 
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and view them as perfectly and diſtinctly as 
if we could ſummon them before us, and 
command them to the End of our Teleſtope. 
This has brought us into a perfect Acquain- 
tance with thoſe ſurprizing Parts of the Cre- 
ation, which are far feparate from this Globe 
of ours, and with which we are allowed no 
Commerce but Looking. We can now per- 
ceive the Sun to be a vaſt Globe of Fire, 
and by the different Phaſes of all the Pla- 
nets, that he is the Fountain of all their 
Lieht.' The Surfaces of moſt of them ap- 
pear like fo many Maps of Land and Water, 
and there are * now but allow both them 
and the fixed Stars ſome nobler Uſe than to 
twinkle upon us o Nights. By fixing upon 
ſome remarkable Spors on their Surfaces, 
and obſerving how they ſhift their Poſition, 
and in what time they again return to the 
ſame Place, we determine the Motion of 
theſe - Bodies round their Axes, and the 
Time in which that Revolution is perſorm- 

ed. Several ſecondary Planets, or Satel. 
lites, which were too ſmall for 'the naked 
Eye, are now diſcerned to move round Ju. 
piter and Saturn, as the Moon round our 
Earth; and about the laſt of them is ſeen 
the particular Phenomenon of an Aunul ur; 
or Ring. Nor is the Diſcovery of theſe 
Satellites merely ſpeculative; but of prodi- 
9 [ b 2 | gious 
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gious Uſe and Advantage; ; for their Belipſe 
have getermined the Helociry of Lali, as 
| Has ſhewn, “ and are — as 
to be the moſt conſtant A anct the 
Heavens afford us at preſent, for the: Solu- 
tion of the great and valuable Problem of 
the Longitude. The Diſtances, —— 
and Motions of all the heaven ly Bodies, 
even the Irregularities of the Moon, bave 
by this means been ſd nicely obſerted, and 
by the Power of Numbers reductd within 
fome;few Tables for common and eaſy Uſe, 
that their Places for any determinate Inſtant 
of Time to come are now to be predicted as 
—_— and nat nenaz, a. 3 
The nice predictian Dr. HAI EI - ganaii 
the late Sar Eclipſe; total at Lovudon,: 
a rare Sight: in our Part of the Globe) is 
ſuch an nſtance of the great Perfection to 
which we are arrived in theſe Matters, as 
has amazed thoſe unthink ing — 
who were omy to be rowzed out of- their 
a 1 in Ignorance by the Apprehenſions 
Du 2 The © mos 1 
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* Sus. 3 8 17 , hs a more 
exact determined by the Objernatic 727 ba Reverend and 
Learred Mr. BRA DT EX,. S 27 55 Aſtronomy at 
Oxford 3} ice frau, What Light ome þ 5. 8 0 in 
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of the f, Stars:ibeyond that of any of 
our Planete, is, beſides their little or no 
aunual Parallax, plainly devucible from 
the Trleſcops, for the longeſt that ever 
was made, and which perhaps repreſents 
theit apparent Diameters one or two hun- 
dred times larger that the Truth, has been 
ſo far from magnifying them, that, by cuts 
ting off thoſe irregular Rays which hinder 
us from diſtinguiſhing the true Termination 
of :their Orbs ; it makes them appear ſome». 
thing leſſened; beſides that Mr. HuraꝝxNS 
has given a Method | of even computing 
theſe Diſtances by means of the Teleſcope. 
It is now reckotied no abſurd Notion to | 
conceive theſe fixed. Stars as ſo many Sung, 
probably at as great Diſtanees one from an- 
other as they art from us, and every one to 
have their Syſtem of inhabited Planets cir 
cling round it : And perhaps the Number of 
thoſe which wre fee, counted by HV Trus 
to be 1888, may bear little or n Proportion 
S 7. Wee be 2 Profe 2185 
ee ee ee ee en fr: 
fun 4. than . ues imagined even by theſe who fuppojed that 
Light = be fax Months in. coming fron them to the Earth : 
exeas by Mr. BR ADLE Ys Obſerpations they muff be 40, ooo 
tim farther from ut than the Sun 3 and conſequently Light 
T. 5 {t held plat Cov ts 
atnthilate one of the fixed Stars, ave Heul continue to ſce it fix 
Yurrs after it dun et. Ser Phileſ. Traniact. No. 4%%/%// 1 
Bono to 
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to as others that may be diſperſed thro! 
the vaſt Regions of the Unicerſe, at ſuch 
Diſtances from our little Ball, that no-Aſ- 
ſiſtance can ever help us to a Sight of them. 
A” Notion that gives ſurely the moſt juſt 
and noble Sentiments that the Mind of Man 
can entertain of an Almighty Author! That 
the milky Way in the Heavens, which we 
behold in a hy Star-light Night, is no- 
thing elſe but a continued Cluſter of ſuch: 

4 Stars, is a Truth of which we are 


Fre 
aſſured by the Telgſcope. And to the lame 
Help it is we owe all we know of thoſe 


heavenly Bodies called Comets; their Di- 
ſtance, Magnitude, and Motion round the 
Kun in ſuch eccentricul Orbits, as come 
ſome of them very near to right Lines. To 
what a ſurprixing Height this cumetical Aſtro- 
nomy has been carried by the preſent Age, 
notwithſtanding the ObſervatiHns we have 
been able to make upon theſe Bodies are ſo 
few, and thoſe made by our Predeceſſors ſo: 


imperfect, may be ſeen in the Writings of 
thoſe incomparable Aſtronomers, Sir Is aac 


Nxwrox, Dr. GREcory, and Dr. HATTET. 
That in every clear Morning and Evening 
we ſee the Fun for ſome time 1 he riſes, 
and after he ſets, is a Paradox only to be 
unriddled by Dioptrics: And if we e 
2 the true Place of any heavenly Body 


elevated 


- 
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elevated not many Degrees above the Hori- 
Zon, the ſame Science tells us, that here ſee- 
ing is not believing, but that we muſt cor⸗ 
rect our Eye-/ight by a Table of Refrattions. 
It is true, the Ratio of Refraction of the 
Atmoſphere very near the Horizon does not 
obſerve a conſtant Rule, becauſe there hap- 
pens a very great Variety in the Accumula- 
tion of Vapours about thoſe Parts: But then 
this Variation depends pretty regularly upon 
the Poſit ion of the Sun above or below the 
Horizon, and the different State of the 
Weather; and if in the Morning or Even- 
ing we ſee the lower Parts of a: diſtant 
Tower or Mountain through a Teleſcope 
fixed: in Poſition, we ſhall find the upper 
Parts of the ſame Tower or Mountain in 
the ſame Place, if our Obſervations be made 
nearer Noon, and juſt at Noon the ſame 
Object will de ſeen loweſt of all, as the ac» 
curate Mr. Hu Ns has obſerved: And 
this Difference is greater in cold and moiſt, 
than in hot and dry Weather; and though 
not in a Proportion always certain, yet con- 
ſtant enough for phyſical Purpoſes. The 
Crepuſculum or Twilight is determined from 
the Rays of the Sun below the Horison, 
firſt refracted at their Entrance into the 
Earth's Atmoſphere, and then reflected from 
that Part of it near our Har igun, or rather 
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vii INTRODUCTION. 
from the contiguous Surface of the ther, 
as from a bunt ace Spoculum: And the Height 
of the Armoſphere has been attempted from 
this Then by VARENIVUS, but the Air 
| being a Medium of different Denſity, and 
”®. _ Cconfequentlyof different Refraction at dif- 
ferent Diſtances from the Barth, reſracts the 
4 Rays ob the Sun into Curtes, and makes 
5s that Solution leſs exact. In ſhore, Wich- 
4 outithe-Aﬀſiſtance of Teltſcopes, 
3 could have come to nothing, and om O 


if ſervations of the Heavens had gone little 
_ further than foretelling u fine Morning from 
the Setting of the Sun, or a Shower of Rain 
ttom the Oourſe of theVlouds; Theſe In- 
= ſtances are ſufficient to#gghew that all the 
3 noble Diſcoveries of thè Heavens, of which 
the-preſent Age may ſo juſtly boaſt of, ere 
derived from the Knowledge of Clopreies 

and 'Dyoprvics; and whatever ' Imprave- 
ments are * to be made, aan be ex- 
Fans from no other Founta mn. 

: I ſhall now deſcend to a Proſpect no leſs 
* amazing, which the ſame'Sgience opens to 
us in the minute Parts of the Creation. The 
Difficulty which hindered the naked ye 
from examining the ſmalleſt Particles and 
ſubtle Testure of thoſe Bodies that are al- 
ways under dur Command, Was, that when 
ſuch 0 are brought Hear enough "He 
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Eye to have their leaſt Parts ſubtend a ſen- 
ſible Angle, they become without the Li- 
mits of di/tinf? Vi ſion. For as long as the 
Pupil of the Eye can, by the circular Fibres 
of the Uzea, be contracted in proportion as 
the Object is brought nearer, the Cones of 
Rays from each Point may ſtill be looked 
upon as Cy/znders, and will conſequently 
be brought to a Point in the Focus of the 

Eye, which is at the Retina, and ſtill make 
Aiſtintt Ji ſion: But this Contraction of the 
Aperture of the Pupil holding no nearer 
than about four Inches from the Eye, if the 
Object is brought nearer than this, the en- 
creaſed Magnitude is of no further Service , 
becauſe the Rays from each Point mult be 
now conſidered as diverging, and will con- 
ſequently after Refraction at the Eye be made 
to converge to a Focus beyond. the Retina, 
(which is the Place of the Focus of parallel 
Rays) and ſo make confuſed Vi{ion, and the 
nearer the Object approaches, the farther is 
its Image projected beyond the Focus of the 
| Eye, and becomes ſo much the more confu- 
ſed. Dioptrics teach us to remedy this 
Inconveniency two ways, the firſt is, by 
looking through an Hole prigked in a thin 
Plate, ſuppoſe of Lead, whoſe Aperture 
muſt be ſo much the ſmailer as the Object is 


nearer , for thjs ſupplies the Place of a fan- 
| n ther 
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ther Contraction of the Pupil: But becauſe 
this leſſening the Aperture excludes a great 
many Rays from each Point, and ſo dimi- 
niſhes the Brightneſs of the Image, and that 
in a duplicate Ratio of the Diameter of 
the leſſened Aperture, the fame Science has 
alſo pointed out to us the more curious In- 
vention of the Microſcope. By means of this 
we diſcern the admirable Range of the con- 
ſtituent Particles of all ſuch Bodies as come 
within our nearer View and Acquaintance. 
The Cuticula, or outward Skin of the hu- 
man Body, is found to be eompoſed of ſeve - 
ral Strata of Scales, lying one over ano- 
ther in different Numbers, according to its 
different Thickneſs in different Places : Be- 
tween theſe-Scales the miliary Glands di- 
ſperſed over the Surface of the whole Body 
are ſeen to ſend out their excretory Dutrs, 
through which we perfpire ; and about one 
of theſe Scales the Microſcope reckons near 
5oo ſuch Dutzfs, and that one Grain of 
Sand will cover 250 ſuch Scales: So that 
one Grain of Sand will cover 125,000 Ori- 
Aces of theſe excretory Dutts. A Diſcove- 
ry that muſt make us bleſs our ſelves, and 
ſtand aſtoniſhed at the Infinity of the Crea- 
tor, when the Creature is ſo much beyond 
our Comprehenſion! The inquiſitive Mr. 
LEWENHOEK has obliged the World with 
| a pro- 
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a prodigious. Number of ſuch ſurprizing 
'Truths, which the curious Reader will find 
among his Writings. The extreme Ducti- 
lity and Minuteneſs of the Particles of Gd 
is no leſs wonderful ; for a Piece of Silver 
gilt with Leaf-Goid, and drawn into the 
tineſt gilt Wire, whoſe Diameter is t of 
an Inch, and the Thickneſs of the Skin of 
Gold (as Dr. Harrey has, from the ſpeci- 
fick Gravities of the two Metals, computed 
it) not above e of an Inch, diſcovers 
not the leaſt Particle of Silver through the 
Pores of this Skin of Gold, though viewed 
by the Microſcope. The Particles of the 
Duſt which flies like Smoke out of the Fun- 
gus pulverulentus, or Puff-Ball, when burſt, 
are diſcerned to be perfect Spherules of an 
Orange-colour, ſomething tranſparent, and 
their Diameters not above of that of an 
Hair: So that a Tube of an Hair's Breadth 
would contain 1 25,000 ſuch Spherules, The 
Circulation of the Blood, that noble Diſco- 
very of our Immortal Harvey, is now 
made viſible in the tranſparent Parts of Ani- 
mals, ſuch as the Fins and Tails of Fiſhes, 
and the Feet of Frogs; and the 4naſtomoſes 
of the Arteries and Veins put out of Que- 
ſtion. It is no leſs inſtructive. and curious 
to behold the different Organization of the 
leſſer Hecies of Animals, as the regular 
2 [ c 2 ] Armour 
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Armour of the Flea, the jagged Proboſcis 
of the Tick, and the Briſtles of the Mite ; 
and in a Lowſe as he ſtirs his Legs, you ſee 
the Motion of the Muſc/zs of his Body, 
whoſe Tendons ſeem all to be united in a 
longiſn dark Spot in the middle of his 
Breaſt, and the like Motion is obſervable in 
the Muſcles of the ſeveral Articulations of 
the Legs, and in thoſe of the Head, as he 
ſtirs his Horns, there alſo appears a great 
Variety of Branchings of Blood-Veſſels, and 
the Pulſe regularly beating in ſeveral Arte- 
ries, and even the periſtaltic Motion of the 
Ineſtines, continued from the Stomach all 
the way to the Auus, which is alſo to be 
ſeen in the Flea, and ſeveral ſorts of tranſ- 
parent Maggots and Caterpillers. Belides 
_ theſe, the Microſcope has preſented us with 
an infinite Variety of, little Animals, with 
which the naked Eye can have no Acquain- 
tance. They are obſervable in different 
Shapes and Sizes about the green Weeds 
growing in Water, in ſeveral aromatic In- 
uſions, and in the ſtanding Water in the 
Hollow of the Cabbage and Teazle, but in 
ſuch Numbers in that which drains from an 
Horle-Dunghil, that they appear ſomerimes 
as thick as Bees in a Swarm, or Ants on an 
Hillock, and muſt be diluted with fair 
Water to ſeparate their different Par | 
4 ah 4 
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The Animalcula in the Semen virile are, of 
all the Subjects, moſt worthy our Notice 
and Admiration, becauſe from this little 
ſhapeleſs Creature we have Reaſon to be- 
lieve that the glorious Frame of Man him- 
ſelf ariſes , and this the rather, becauſe in 
the Seeds of Plants and Trees the Microſcope - 
_ diſcovers the future Plant and Tree already 
formed, and the Semen maſculinum of other 
Animals, as Bucks, Gc. are found to be 
furniſhed with its Animalcula: Where it is 
to be remarked, that ſometimes the Viſcidity 
of the Semen hinders the Succeſs of Obſer- 
vations of this kind, and muſt in ſuch Caſes 
be diluted with a little warm Water. This 
Theory of Generation is handſomely and at 
large explained in the Philoſophical Tranſ- 
actions by Dr. Garve n. The Uſe of Mi- 
croſcopes has found that loathſome, catching 
Diſtemper the Itch to be occaſioned by the 
' Depredations made upon the Skin by a cer- 
tain Species of voracious Animalcula, which 
are deſcribed in the Philoſophical Tranſac- 
tions by a Foreigner in a Letter to Dr. Map; 
and indeed ſeems to promiſe the finiſhing 
Hand to the Science of Medicine: For if we 
can once, by a ſufficient Number of Expe- 
riments, determine the different Change of 
the Texture of the Blood in every different 
Diſtemper from that which it enjoys in its 

natural 
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matural and healthful State, and by mixing 
the ſmalleſt Particles of ſeveral Medicines 
with it, find out thoſe which will again re- 
duce it to that natural State, there ſeems 
to be nothing more wanting to the prattic 
Part; and if the true mechanic Theory of 
all theſe different Changes be ever to be 
known whilſt we live in this Cloud of Fleſh, 
I'm ſure we muſt have the Data for it from 
the Microſcope. The Method of eſtimating 
the Magnitude of microſcopical Objects ſeen 
by a ſingle Lens only, being fo eaſy that 
any one who knows ever ſo little of plane 
Trigonometry will eaſily hit of it himſelf, is 
not mentioned in this Book; beſides that 
it is already given by Dr. Ke1LL in his Phy- 
ical Lectures; where he ſhews that an 
Animalculum placed at the Diſtance of , of 
an Inch before a ſingle Lens, and ſeen 
through it under an Angle of one Minute in 
Length, is nearly , geg of an Inch long; and 
if its Figure were cubical, the Magnitude of 
it would be roo of a cubick 
. Inch. From whence he concludes with a 
2 deal of Reaſon, that what ſome philo- 
phical People dream of Angels, may very 


well be applied to theſe 4nimalcula, that 
when they have a mind to be merry, ſeveral 
thouſand Couples of them may lead up a 


Country-Dance upon the Point of a Needle. 
- 1 am 
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I am ſenſible I need ſay no more in Re- 
commendation of the Subject: And for ſo 
much of the Book as is Dr. Gztcorr's, the 
very Name of the Man gives it ſufficient 
Reputation. But I am conſcious that Part 
which I have attempted to add ſtands in 
need of ſome Name to recommend it with 
which the World is much better acquainted 
than with mine: And for that Reaſon I have 
obtained the Favour of making uſe of thoſe 
of Dr. DesaGULIERs and Mr. Jonss; 
Gentlemen againſt whoſe Judgment in theſe 
Matters their Approbation of the following 
Papers is the only poſſible Objection; an 
whoſe Names can never fail of meeting with 
that Eſteem which they deſerve, when fixed 
to any thing of their own, however they 
may happen to be treated for appearing in 
this Place to recommend what is mine. 


W. BxowNE. 
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F a Ray of Tight be reflected from a 
7 Surface, the Angle of Refletiion 
will be equal to the Angle of Intidence: 
[Plate 1. Fig 1.1 2 
Tho' the Demonſtration of this Theo- 
tem belongs more properly to Phyhes, 
and a Mathematician might very well take 
it for granted, as ſufficiently proved by Ex- 


periments; yet in Compliance to Cuſtom, 


we ſhall here give a Demonſtration of it, 
and That ſuch a one, as ſhall have no De- 


. - 


whatever. 


pendance upon any Party of Philoſophers 
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| 1 Radiant Point A, and falling 
„ © he Radlage 
522 cular to the 


were penetrable to Lig and homogeneou 
with the former EBC D, be diffufed in 


10 7 1 Elemen _ Catoptrics. | 
&X, AB fig gnify a Ray e Gor 
pon 
plane feflecting Surface, G GKB. I fay 
its reflected Ray B E will be ſuch, that 
the Angle of Reflection PBE (B P being 
— perpendicular to G C) will be 

L to the Angle of Incidence PB A. 
182 A, let fall AC 
urface & C. All the 
s comprehended between A B and AC, 
= which poſſeſs, in 1 PONIES Plane, 


us Rigs Lips BC a Os with the ** 


reflect 


Plane) would, if the Medium G C de 
8 


* 


the ſame conſtant Fenour; that is, at the 
Diſtance Be beyond G C, they would be 
diffuſed into de, A Be and ACd being 
ſuppoſed Rigbt Lines. And ſince, by Sup- 
pokition,. the plane reflecting Surface B 2 

neither encreaſes nor diminiſhes the Dif- 


fuer of thoſe Rays (for if it were ther- 


wiſe, Which no Experiments yet give us 


any;tgaſon to ſuſpect, it 1s Pain the Angle 
of Reflection as well as of Refraction 
would, for the ſame Reaſons, become un- 
equal to the Angle of Incidence: For the 
due inſlecting of which Rays, Carresws, 
bas contrived ſuch Conoids as are proper, 
(Geom. lib. 2) but only ſtrikes them back upon 
the ſame Medium in n which they were be- 
111 . 8 fore; 
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fore; that is, upon a Medium where the 
Rays are diſperſed or diffuſed aſter the 
ſame manner as at firſt; it is plain, that af- 
ter they are reflected from the Surface & C, 
the Rays will be, diſperſed after the me 
manner; as they would have been, if they 
had never met with the Surface CG, but, 
(chat being removed, ) had ſtill rehgibrd dn 
the ſame Medium. In which caſe, when 
the Diftance is inereaſed by the Excefi Be, 
we Rays would bel; thio the 


Space bd. | Wherefore it is plain that at 


the Diſtance. B E equal to Be, thæetwill 
be 2 d:thro'/the Right Line DE, e- 
2 tothe Right Line 4. Bit the R 
C8 reflected upon it fel, wb 
D Exist equal to die, and the: Bigurt B 
DE! everyuway: ſimilar and equaE1s the 
Figure BGC de, and Indeetl is the qvery 
ſame reflected, or revolved haif way about 
the, fixed Right Eine B Cl: 
if — — EBC, Buh 
right ede ba e, be taken 2 
ways ther Angles EAP, 2 Bp: with emaꝶm 
equal. But ABP is equal to e Be, there- 
fore the Angle of Incidence P B A, is e- 
ual to the Angle of Reflection PB E. 
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1 sener. by b ons. 2x 6 
I 2s tay ying down this Law of Reflection, 
whereby t Angles ABP, EB P, are 
made equal, — Reſpect is had to the 
Maximum and Minimum. For the Sum of 
the Right Lines A B, B E is à Minimum; 
that is, leſs than the Sum of any others 
drawn from the ſame Points A and E, to 
any other Point of the Plane G C: and ſo 
rige cer. For it is requiſite that the 
Courſe which the Ray (reflected from the 
Plane G C) — avs E, ſhould be 
theſhorteſt of all. Becauſe Navgro ever ad: 
by the mnoft 4 and expetirious Methods. 
But if the Reflection be from-a- curve 
Surface, the aforementioned Sum of Rays 
(or . Difference) is ſometimes 
For Mathematicians know 
near the Relation is between a 
— and a Mi between the 
Sum and the D and how eafy 
thin r es 
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Henee the ie Angle EBG, ABE (Which 
are likewiſe by ſome call'd the Angles of 
Incidence and Reflection) are alſo equal: 
= the 1200 are the Complements of the former 
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the Focus 
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2 Abbe kisses Ray be looked upon as 
an Inrident Ray, the Incident 3 
ere verſa, be l rer Ray«*/ 4 * 
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e cde An les PB E, 2 or wo 


CEA be equal,” BE will 
be 2 Retecdeg ——— to AD. 


Will 
0 
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Right Line A C perpendicular to the 
plane Speculum G F, which prodiice to a5 
that Ca may be equal to CA; à will be 
required. IP AD be an inci- 

dent Ray, join 3 D, produce it. 15 
Federal in the Trang gl A E D, 8882 1 
the Sides AC, C, are equa and the Ang 1 
ACD, #CD alfoequal, becanſe both right, = 
A Ae Side CD is Seed ts bath, the == 
fore the Angle A DC is equal to a D C; bit // 
730555 is equal to EDP; ters ADC 
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14 Thi: Elements. of:Caroptrics. 
EDF are equal. And conſequently DE, 
by Corol. 3. . Prop, J. is the Ray reflecied 


from the plant —— bee 


10 AD. „ The, ſame ma — greed 
other Ray prbeeeding the Point 25 
and falling upon the Speculum. From 


| NF whence it is plain, that the Rays diverging 
I lim © their, aa from bee 
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the ſame manner, =o 18 5 an e 


proceeded! from the 

Image muſt appear in tha 

the Rays dipergingrfraws the Point . n 

fe& the Eyed after the ſame. —— nMH 

that . primary Riad. W 9: 1504 
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eaſily aſſigned, as ſhall make the Angle 
OBA equal to any given Angle; which 
is, done by oel OBF WY to half the 

OI 'of he given, h "gle 1 to two 
ones. . N 
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n 
diant Point is ſeen in that Place ere the 
Reflected Ray OB which paſſes tho the 

Centre of the Eye, meets with the perpen- 

dicular A C, * fall from the radiant Point 
upon the Speculum. Whence, tho every 
175 ofthe Speculum, AY B. W covered 
or taken away, the Image wo! neverthe- 
leſs be viſible: and if the Speculum at B be 
covered, tho a the Teſt be open 1, thi Image 
will not be ſeen at all. 


Conor. x 7 


The Ima; ages'6f Obieds' that 266 inc lined 
to the Plane of the Speculum, are inclined 
to the plane of the Speculum after the ſame 
manner as the Objects themſelves; arid there- 
fore. j ina plane ee fenen vertical 
Oblects appear inverte 

This and what 2 ul fl be af ly un- 
derltood, if the Object Fi conceived as 


_ up of ſeytral radiant Points; and 

he Image of every one be attended to: 
For of all theſe together the _—_ of the 
Object conſiſts. CoRror. 
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A 4 Plane and its Image made by 
a plane Speculum, are por and ral 


Fi t not *cmiiarly 

differ a the Right e from the 185 
or as a Figure engraven upon a Copper 
Plate, does from the n of it taken 
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eit the Right Line a B is equal to 
AB, 40 will be equal to AB and BO 
together ; 
. from the Eye, is equal to the Incident 


and reflected Ray taken both together, 
CoRor. 6. 


Whatſvever has. been ſaid of the Image 
of any Object or primary Radiant, holds 
true alſo of the Image of another Image, 
From whence ariſes that Multiplication of 
Images, made by two or more plane Specula 


duly pofited; in which it is principally to 


be * that the Diſtance of any Image 
from the Eye, is equal to a Ray ted 


po the primary Radiant, thro'all the in- 
c amelie Reflections to the Eye. 1 LY 
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; that is, the Diſtance of the Image 
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Pq 

A Ray of Light i is infleQed by a curye- 
Surface after the ſame Manner, as it You'd 
be by a plane Surface, touch-  _ 
ing the Curve in the Point of yg. 3. 
Incidence. 

Let P Q be any curve Surſacez (for here, 
in the Figure, as likewiſe in all Caſes here- 
after, the common Sections of the inflecting 
Surface, and the touching Plane, with the 
Plane of Inflection, are uſed for the inflecting 
Surface, and the touching Plane themſelves : 
becauſe every Infleion is perform'd in the 
Plane of Inflection, as is demonſtrated in 
Axiom 2. And for the ſame Reaſon in the 
Room of a ſolid Figure, we make- uſe of a 
plane one deſcribed in the Plane of Infle&i- 
on; which ſaves us a great many Words) 
upon which the Ray A B falls at B. 
Now ſince the Ray is of a Thickneſs 
not conſiderable, the Particle, in the Curve 
Surface B, upon which it falls, will be ex- 
tremely ſmall. But the Inclination or Di- 
re&ion of the Curve Surface at B, is the 
fame with the Inclination of the Plane 
DE touching it in that Point : Wherefore 
the Infleion which depends upon the Di- 
re&ion, is likewiſe the ſame, whether it 
be conceiv'd,; as occaſion d by the Particle 
B in AI Curve Surface PB Q, or in the 

C plane 
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plane one DB E. For as to the Inflection 
of the Ray A B, it matters not how the reſt 
of the Surface is bent, if the Inclination of 
the ſmall Particle B, upon which it falls, 
does but remain the fame. 

It wou'd be eaſy to demonſtrate the fame 
Thing, as the Antients did, from hence, 
that the Angle of Contact DB. , or E 
B , is leſs than any rectilineal one; and 
that a Plane may be found ſo inclined to 
the Plane D B E, that the Difference be- 
twoen the Inflections that are made by 
them both, ſhall be leſs than any given In- 
flection. For from hence it will follow, 
that the lnflection of the Ray A B, made 
at the Particle B of the Curve Surface, is 
no way different from that which is made at 
the Particle B of the plane Surface DB E 
| s the Curve Surface in B. 


nn "# FE 2 * . n 
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s ul. Pros. II. 


O Aud the Focus of Parallel Rays 
falling upon a given Spherical Spe- 
culum, (or 70 fad the Image of a vaſtly 
diſtant radiant Point) with reſpett to 
an Eye placed inthe Axis of the Specu- 
lum, . which is parallel to Toy incidew 

. Fe! 


— 


by 'Thro' 
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Thro A the Centre of the Speculum, 


draw the right Line A B parallel to the 
incident Rays, meeting the Speculum in B. 
Biſſect A Bn GC, I 10 is the Nen 
quired. | | 
In chis, as well as in all the following 
Propoſitions, we ſuppofe the Point D to 
be extremely near the Point B. And this 
is neceſſary, in order that the reflected 
Ray belonging to the incident one E D, 
meet with the Eye, which, by Sup- 
— tion, is placed in A B, or the. ſame 
produced: For the reflected Rays belong- 
ing to thoſe that fall, more remote from 
the Point B, do, after their diverging from 
their Focus, paſs beyond the, Pupil. of the 
Eye; and conſequently, contribute nothing 
towards ſeeing the Image. Beſides, of 
thoſe Rays that enter the Pupil of the 
Eye, they that fall moſt directly, or near- 
eſt the Middle of the Pupil; (that is, that 
are reflected from thoſe Points that are 
neareſt to the Point B,) conduce more to- 
wards ſeeing the Image, than thoſe that en- 
ter the Eye near the Extremes of the Pu- 
pil: Becauſe thoſe that fall molt directly, 
and cloſe to one another, move.the.Senfe 
more; forcibly, than thoſe that, fall more 
oblique and ſeatter d. For which Res- 
ſons, we need have reſpect only to thoſe 
that fall neareſt to the Yerrex: B, which 


holds good in all the Propoſitions following. 
C 2 Let 
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| Let E D be one of the pa- 


' Fig.4. rallel incident Rays. Draw 
ei gem AD, CD, and produce them. 
Becauſe the Point D almoſt coincides with 
B, CD will be nearly equal to C B: But 
by Conſtruction, C A js equal to CB; 
mapa he A, CD are equal; and there- 

e the Angle CAD, CD A ate like- - 
wife equal. But the Angle CAD is equal 
to ED A, which is the Angle of Wet 
dence; for the right Line A D is perpen- 
dieular to the Surface of the Sphere. Whence 
the Angle CDA is equal fo the Angle of 
Incidence of the Ray E D. Therefore, by 
Corol. 3. Theor. 1. D O is the reflected Ray 
belonging to the incident one ED. More- 
over. the Angles at the Ferten, E D A, 
Do, and CDA, ND o being equal, 
the reflected Ray N D, belonging to the 
Ray e D parallel to B A, and falling up- 

on the convex Surface, will, if produced 
Bickoteatd, go to C. And wbat is demon- 
ſtrated of any one Ray E D taken at 
pleaſure, is true of all the reſt in the ſame 
Citcumſtances. Wherefore, ſuch Rays as 
are parallel to A B, and which, when re- 
flected, conduce to Viſion, if they fall 

a Concave Sphere, are, after Re- 
flection, collected in C: and from thence 
again diverging, make the image to be 
ſeen” in that Place, by an Eye placed in 
bud Axis. The reflected Ray belon ging 


* 
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to the very Axis it ſelf does alſo, as it were, F 
diverge from the Point C, in the Middle 
between B and A: For. the: ſame Thing 
Happens: to it, as to any other Ray re- 
flected from B P, that cuts the right Line 
A in a Point equally diſtant from the 
Centre A, and the Point of Incidence. But 
Rays that fall upon the Convex Side, do 
after Reflect ion, div iverge from C, and make 
the — in the Point C; (or which 
is all one, in a Point whoſe Diſtance from 
C is lefs than any given one) to an — 
OP in AB . 


Conor 


* Hence, * ben Corol. 2. Ther. L. it 
follows, that Rays diverging from C, 72 

reflected from the Concave Surface, 

con verging towards C, and reflected * 

the Convex Surface, will be parallel to the 

right Line A B, joining the ne of the 
Sphere, and the Point Gi. 


Sexoury Figs 1. 


ik with the Vertex B, the N BG, and 

a Parameter equal to the right Line F B, 

a Parabola be deſcribed, it will be the leaft 

of all that can be circumſcribed about the 

given Circle F B; or the Circle F B will 

7 8 of all that can * 
WI 
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within rhat Parabola, by CMrol. 1. Prop. 
XX. lib. 1. Viucentii Nioiani de Maxi- 
mir © Minimis. And this Circle and Para- 
bola WII, at the Point B, Zane: the: ſame 
Degree Ff. Curvity, (to uſt KE YLE AS 
Words, in Cap. VIL: Prop XX. Parali- 
pom. in Firollionem) and are there moſt 
intimately united. For as the Contact af 
Eines is equivalent to two Interſections, 
und us really no way different from two In- 
tteerſections infinitely near to one another, 
as Mathematicians know very well, and 
for the ſame Reaſon Surſaces that mutual- 
ly touch one another, have the ſame Pow- 
er in inflecting Rays that fall upon the Place 
of Contact, and in producing other Phyſical 
Effects; as is ſhe wn in the toregaing Lem- 
[514 So this more intimate Union, and 
whichris equivalent to four Interſectipns, 
and conſequently the maſt intimate that 
can be between the Circle and conick 
Section (as the Contact between this laſt 
and a right Line is of all; the moſt in- 
timate) this, I ſay, will, in Phyſical Effects, 
that depend upon Surfaces: generated by 
the Revolutions of theſe Lines, produce 
à farther Equipollency. For as Rays that 
are parallel to G B, are hy the concave 
Parabolick Conoid B D, reflected exactly 
to its Focus C, which is diſtant from the 
Vertex B, by a fourth Part of the Parame- 
ter of the generating Parabola; 1 the 
* ame 
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ſame Rays reflected from theconcave Sphere, 
are collected very nearly in the ſame Point; 
and the ſame Speculation holds in ſeveral 
other Phyſical Matters. 10 6 


v3 ht 


D WIS — 


PROP. IV. PROB L. III. 1 
5 e | n 1 
HE Focus of Diverging Rays being 
4 eisen, whoſe Diſtance from @ given 
concave Spherical Speculum, is greater than 
the fourth part of its Diameter; To find 
the Focus of: thſe ſame Rays after their 
e the forementioned Specu- 
lum, 281th reſpect to an Eye placed in its 
AA + 3? 4 a4 55 1... 


Through A the Centreof the Sphere, and 
the given Focus F, draw a right Line, 
meeting the Spherical Surface in the Fertex 
B; this I call rh Axis of Radiation; and 
ſuppoſe the Eye to be placed in it ſome where 
or other. In this right Line take the Point 
C ſuch, that BC may be to CA, as B E 
is to E A. I ſay C is the Focus required. 
Let any Ray proceeding from E, fall 
upon the Concave Surface of the Sphere at 
the Point D, near enough the Fertex B, 
(for we have nothing to do with thoſe that 
fall more remote, becauſe after Reflection 
they affect not the Eye placed in E B, as 
has before been ſhown) in which Caſe ED 
will be nearly equal to EB, and may in 
| 7 © ve Pon 


N f 
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Phyſical Matters be taken for it, Draw 
AD, CD. After the ſame manner CD 
is equal to C B; and from whence by Con- 
ſtruction CD will be to CA, as DE to 


E A. And inverting the Proportion, CD 


is to DE, as CA to EA. Wherefore by 
Euc. Elem. VI. 3. the | Angles A D E, 
ADC are equal; but ADE is the Angle 
of Incidence of the Ray E D, and conſe- 
quently D C (by Corol. 3. Theor. I.) is 
the Ray E D reflected from the concave 
Speculum, And ſince the Ray ED is ta- 
ken at Pleaſure, it is plain the Focus of 
all the Rays diverging from E, after Re- 
flection, will be in C, with Reſpect to an 
Eye placed in the Air EB. O, E. D. 


Co or. 


Hence likewiſe will be given the Focus 
C, of Rays e D converging, in the foremen- 
tioned Circumſtances, towards the given 
Focus E, and reflected from a given convex 

Spherical Speculum. | | 


SCHOLIUM. Fig. 7. 


Rays diverging from E, are reflected 
from the Concave Sphere B D converging 
to C, for this reaſon ; becauſe the Circle 
B D deſcribed on the Centre A (by whoſe 
Rotation the Sphere is generated) has the 
fame Degree of Curvity with an Ellipſis, 


deſcribed upon any Tre C and F (found 


as 


L re e eee e 


eiern rr 
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as in the foregoing Prop.) through B, 75 
generating an oblong Spheroid, by whi 
as is e known, Rays di verging 
from one of the Fuci, are from the concave 
Surface fleted, converging a the 
other of them. 

Drap the leſſer Semi-axis N K, join che 
right Lines CK, E K, each of 8 
equal to the Semi-axis . B H. From t 
Conga iv Wop. CK, bet fall he pr 
cu 
It is pl, CK is half the Latus Ken 
belonging to the Ai B; G, becauſe it is 4 | 
Third proportional .to. the right 11 N 
and HK. (Which is alſo true, if a 
the Point of Interſection of 3 A- 
is, With che rig Line KH bilecting the 
Angle comprehended by the right. "Tine 
drawn from the, Foc 5 any Point of the 
Curve, 4 Tight Line he let fall perpendicu- 
lar upon either of the ore fad right Lines.) 

L is half the difference 
between the greater Axis and its Latur 
Rectum:; and is'alſo; a Third proportional 
to the right ines, K C, "CH, that is, to 
the cater- Sni axis, and half the 

Fat. Again, (by. the* Conſt 
10 t ' Precerdin Prop.) B is to.© 
% BE fo E Ag from whence 5 
and 1 1 the Prop portio it be 


IE 8 ve. Eos 1 915 
AuoulT 
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AE - AC, that is, BG is to C E, as C F 
to AE — AC. And taking the halves of 
them, B H is to HC, as HC to HA: 
That is, H A is @ Third proportional to 
the greater Semi- ais, and half the Diſ- 
tance of the Foci; whence it is equal to 

half the difference between the greater Ax- 

1 is and its Latus Rectum. herefore 

. AB is half the Latus Rectum. And 

1 conſequently the Circle BD is (by Corol. 

W 1. Prop. XX, lib. 1. Vinc. Vivian) the 
greateſt of all that can touch the Ellipſis 

BG on the inſide at B. Wherefore. (as is 

ſhown in the Scholium of the preceding 
Prop.) it will in B have the fame Curvity 
with the forementioned Ellipſis. From 
| "whence it comes to paſs,” that a Sphere 
. thence generated, performs the ſame Thing 
in reflecting very nearly, which a Spheroid 
generated by the Ellipſis does exactly. 


1 
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W. eee? 
4 T HE Focus of diverging Rays being 
-— KK. given, whoſe Diſtance from a given 
> 1 Conca: Speculum, #s /eſs than the Fourth 
Part of the Diameter of the Speculum ; To 
| find their Focus after Reflection from the 
forementioned Speculum, with reſpett to an 
Dye placed in the Axis. Ng. 3. 
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Through A, the Centre of the Sphere, 
and the given Focus. E, draw a right 
Line, meeting the Spherical Surface in B. 
In this take the Point C ſuch, that B C 
may be to CA, as BE BA, t 
is the Focys- required. 018 

Let E D be any one Beg the meiden 
Rays, draw AD, CD, and produce chem; 
draw likewiſe the right Line, E R, pa- 


rallel to the right Line CD. 


Since the Arch BD is 
ED, EB, and CD, CB will be equal. 
Wherefore ED is to EA, as CDtoCA; 
that is, becaufe(D C, E R are parallel) as 


ER BA; therefore the right nf 


ER, ED, and conſequently the Angles, 
ERP, EDR are equal. But ED 
the Angle of Incidence of the Ray E 
and ER is equal to its alternate DA, 
wherefore (by Corol. 3. Theor.'t.) D N 


is the reflected Ray belonging to the inci- 


dent one RD. 450 ſince E D is taken at 
pleaſure, it is plain that all the Rays pro- 
ceeding from E, ' after they are reflected 
from the Concave Spherical Surface, will, 

if they be produced backwards, meet in 85 


44} 


4 0. 


1. 
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' Reber * fem Coral 3. Ther, I, 
may be found the Focus E, of the Rays 
NP, converging towards a given Fucut C. 
atid reflected from a given concave 4. 25 
ene ee 4 GA wewb 
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=y H Porte af Diver 1 ir bes 
25 2 To find rghie Raj 9 
ion * a given Cone ſpherical 


Fro with reſpett to an He Placed in 
Ng. 9. NN \ yr" 


Thro A, the Centre of the Sphere, ad 
the given © Fut E, draws: right Line 
meeting the ſpherical Surface! in B: In this 
take the Point C in ſuch manner that AC 
may be to C B, as A E to EB. May C is 
the Focus require. 
Let ED be any weiden Rey proceedin ing 
from E, draw CD and produce it. Tothis 
_ thro E, draw E R parallel, meeting the 

right Line A D, uced in R. The Arch 
5 baidg evaneſeent, for the Reaſons al- 


ready ED, CD will be equal to y 


is to ED. A E to ER. Wherefore ER 


ven OG Sprew/aans, MW be. : = ' Wy 
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and E D to EB and therefore A C is to 
CD, as A E to ED, but becauſe of the 


equi-angu ular Triangles ACD, AER, AC 
is to CD. as AE to ER. Tkirefore AE 


is equal to E D. Therefore che Angle 
ER Dor its equal NDR, is equal to ti 
Angle ps wo that is, to the Angle of In- 
9 wet of the Ray ED. From whence, it 
follows, that DN is the reffected Ray of 
the incident. E D. And ſinoe D is — 
any how, it is plain, all the Rays diver- 
ging from the Focus E, and enuing the 
EY whoſe: Poſition is:given, will, 
tir Reflection from the conyex ſpheric 
— 5D, diverge from the Fus C. 


F E. D. 3 un dt Har * * 0 * 
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ction toward; a given Fo 
C, whoſe Diſtance hs te echlum Is 
* than, the "Fourth Part of its Diane 
ter,) do, after their Reflection from A 13 
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gi 1 had ben bn to have expand an 


demonſtrated theſe two laſt. 


ions, 
and 
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and their Corollaries, in the ſame Words, 
and with different Figures, but this would 
have bred Confuſion to Beginners. How- 
ever, one Scbholium will ſerve for both, to 
ſhow that the Circle B D has the ſame De- 
gree of Curvity, with the Hyperbola de- 
ſcribed upon the Fyci C and E, through 
the Point B, by the Rotation of which 
Curve round its Aris, is generated the Sur- 


fice of an Hyperbolick Conoid, performing 
exactly the propoſed Reflection 


Draw the ſecond Diameter K M. To 
the joined right Line B K, erect K L per- 
pendicular, meeting the A GB in I, 
and HL will be a Third proportional to the 
right Lines, B H and H K, and conſequent- 
ly equal to half the /atus Reftum belong- 
ing to the 4xis BG. And ſince, from the 
Nature of the Fhei, the Rectangle G CB 
is, equal to the Square of the right Line 
K H; adding to both the Square of BH; 
the Squares of the right Lines B K and H C 

will he equal: Wherefore B K, H C are 
equal. And becauſe of the Rectangular 
Triangle BK L, BL, or the Sum of half 
the Tranſverſe Axis, and half the Jatus 
Refum, is a third proportional to the right 
Lines HB, BK; or to the right Lines H B, 
HC; That is, to half the Tranſverſe 4x- 
is, and half the Diſtance of the Fyci. 
Again (by the Conſtruction in the 7290 
Prececding Prop.) B C is to CA, as BE 


, | 
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to EA. Wherefore BE is to E G, as AE 
to AC. Therefore BE — EG. B E+ 
EG:: AE - AC. AE AC, that is, 

BG is to CE, as CE to AE AC. And 
taking the halves of them, BH is to CH, 
as CH is to HA: That is, HA is a third 
proportional to half the Tranſverſe Axis, 
and half the Diſtance of the Foci. There 
fore H A is equal to BL, or to the Sum 
of half the Tranſverſe Axis, and half the 
latus Rectum. Wherefore A B is half the 
latus Redtum, and conſequently the Cir- 
cle B D is (by Corel. 1. Prop. 20. lib. 1. 
Vine. Vivian) the greateſt of all that can 
touch the Hyperbola B G on the inſide at 
B. Therefore, as has been ſhown already, 
it is equally curve in B with the Hyperbo- 
la. And hence it is, that the Surface of 
the Sphere, generated by the Cirele, per- 
forms cery nearly the ſame Thing in reflect- 
ing, which the Surface of the Hyperbolick 
Conoid does exactly: That is, it changes 
the Focus of the Rays E, into C; or the 
Focus C into E, as has been ſhown in 
Prop. V. and VI. e nay 


ing 
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| Pas. VII. Saen VI. 


HE Focus of Rays falling oo 4 

giten ſpherical Speculum being gi- 
hag To find the Focus of the ſame Rays 
after Reflection, with reſpedt to an Eye 
(even any where _ the W N 
r n — *oy WEED 


* Hitherto we have foyoſed the Eye ele | 
ced'in the Air of Radiation; that is, in a 


Tight Line drawn through the radiant Point, 
and the Center of the reflecting Sphere, 


both becauſe moſt optical Iuſtruments are 


made aſtor this Manner, and becauſe the 


Image ſeen by the Eye ſo placed, is much 


more lively and diſtin thamany other, be- 
cauſe it is formed by Rays leaſt ſcattered, 
and moſt exactly reflected, and upon this 
Account chatlenges to it felt aloneithe Ti- 


tle of an Image. 
But that it may appear chat! the Method 
Phyſical Pro- 


| beforwaſod:i in conſtructing 
blems, and demonſtrating them when con- 
ſtructed, is more univerſal, and ſufficient 
to determine the Image, ſcen by the Eye, 
however placed: Let the reflecting Sphere 


be ſignified by its greateſt Circle BD, whoſe 
Plane paſſes through the radiant Point E, 
and O the Center of the Eye. It is requi- 


red to find the Image of the Point E made 
by 


5 
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made by the reflected Rays, vith uſe 
Rey laced at 15) .f. Of 1ij 

It is lars in the frſt Place; that the 
Image will be found ſomewhete iin the 
reflected Ray paſſing thro O. To ſintl 
that Ray, this: Problem. muſt be Med, 
by which having two Points E and O, and 
(in che ſame Plane) the reflecting Cirele gi- 
ven; it is required to ſind ſuch a Point in 
the Ciroumference of the Cirole, that a 
Ray falling upon it from either of the gi. 
ven Points ſhall be reflected to the other 
of them. And this is Prop. XXXIX. Lil. 
V. Optic Albaneni, to which he has pre- 
miſed / org Lemmata, and is now com- 
monly alle 'Albazen's Problem: The:Pro» 
blem is in its Nature ſolid, and not to be 


conſtructed. univerſally without the Inter- 
ſection of "a Conick Section with the 


given Circle. The Conſtruction of this 
Problem has been publiſhed by ſeveral e- 
minent Geometers, Barrozw; Bn 800 
but moſt elegantly by the moſt . nable C. Huy- 
gens in — Philoſophical Tranſattions, 

o. 98. We proceed therefore to deter- 
mine exactly — Point it ſelf C, where the 
Image is ſeen in the right Line O B, (drawn 
as thoſe famous Men have directed) 
Produce EB, OB, till they again meet 
the Crcle in b and R. Biſect che Right 
Lines'BR} B P in S and A, and divide 
SB in Cuſo, that 8 1 be to C By * 
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A'Bto EB. Ifay the Image by the Eye 
in 0 will be ſeen in C; and not in the 
of the reflected | <=? DN with 
the right Line E Q. joining tbe: radiant 
Point and the 1 of hes — — 
Eurlid in Theor. 17. and 18. Caropurica, 
ans others would have its — 5 
Let the Ray E D fall upon the Þ 

near the Point B: For only 1 
Rays, that fall after this Manner, do, after 
their Reflection, enter the Pupil of the Bye 
placed at O. Thoſe that fall at a greater 
| after Reflection, paſs beſide the 
Eye, and conduce nothing at tall o Viſion. 
Wherefore in inveſtigating the Point C, 
here the Image is - formed; D muſt be 
ſuppoſed to eide with B: In which 
Cue EDE B, CD CB AD=AB, 
and 8 DSS B. Moreover, becauſe OB is 
the reflected Ray of E B, the Angles AB Q. 
S BQ will be equal; and the Point D ap- 
proaching near to B, and at laſt coinciding 
With it, the Angles 'ADQ, S DQ cainci- 

ding with the former ABO, and SBQ (at 
leaſt being very little different from them) 
will in that Caſe be likewiſe equal. But 


* farther, the'Peict — to B, the 


ultimate Angles, or the ſmall and evaneſ- 
cent ones, BAB, DQB, DSB will alſo 
be equal: For che Circle drawn through 
Q and the coinciding Points D and B; 
that is, deſcribed on the Diameter 2 
4A - x an 


— 
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and conſequently touching the Circte'B.P 
dle Points of the right Lines B P, B R, 
ho ſoever drawn from the Point B: And 
conſequently the Angles DA B, D-Q B; 
DS B, in this Caſe, are in the ſame Seg- 
ment of the Circle the 
Points D, B, S, Q and A. Theſe Things 
being laid down, which follow from the 
Coincidence'of the Poine D with B; fine, 
by Conſtruction, A E is to EB, :as S Ct 
CB, AB will be to DE, 250 to G. 
And fince in Triangles, the Sides are as 
the Sines of the Ang les fubtended by them; 
the Sine of the Angle A DO; or MD, 
will be to the Sine of the Angle PAB 
as the Sine of the Angle CDS is to the 
Sine of the Angle DSB; becauſe there- 
fore the Conſequents are equal, the Ante- 
cedents will likewiſe be equal; and conſe- 
quently the Angles to which they relate, 
namely A D M and CDS, are equal. But 
it has been ſhewn before, that the Angles 
AD, SD are equal: Therefore the 
Angls ODM, ODC, and thoſe oppo- 
ſed to them at the Ferrer LDE, LDN 
are equal. Wherefore ND is the reflect- 
ed Ray of the Incident one E D. And 
the ſame may be ſhewn of the other Rays, 
that meet with the Bye at O; namely, th 
their reflected Rays will diverge from! the 
Point C. Whereſpre to the Eye recei 
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theſe Rays only, the Image of the radiant 
Point E, unde by Reflection will In 


at A 25 E. D. 18 9 „ tot 
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Ae it Gallons chat Rays converging 
towards the Point 0. will, after their Re- 
flection from a. convex ſpherical & e 
converge towards E, and; there 
Image, for an Eye piace in the right Line 
BE any where beyond E. As likewiſe 
that the aged the radiant Point C, made 
by Reflection from a concave ſpherical 
Speculum, will, to an Eye placed in the 
right Line EB gen as in A, va 
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* But if the pe ary Point E be vaſtly dif. 

tant, then the Ratia of the right Line AE 
| toEB becomes a Ratio of Equality, and 
by Conſtruction S C is equal to CB: That 
is, the Image of the vaſtly diſtant radiant 
Point ſituated in A B produced, made by a 
convex or concave Speculum, with reſpec 
to an Eye placed any where in BR, or the 
ſame produced, will do in the middle Point 
of the right Line B ͤ SS. 
The Eye being plaoed i in the 4xis-of Ra- 
diation, that _ eight: Lines BA ane 
21011) 
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BS coinciding with the right Line BQ, 
this ſame Conſtrugion ſerves, and degene- 
rates into the Conſtructions of the four pre- 
ceding Propoſitionss 

But the ſpherical Surface being changed 
into a plane one, then this Conſtruction 
will be changed into that of Prob. I. For 


ple; which is frequent in Geometry, © 
on 7 NET .09 2% 00:90 220 Ft 15110 
- 220) * WdE 
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ity at the Point B, with 
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face made hy a Spherical Speculum, 


it alſo a Plane Surface. Fig. 12, 13. 


HFitherto we have determined the Image 
of any radiant Point with reſpec to an Eye, 
placed, either in the _ ſame Axis of the 
Speculum with the radiant Point, or out 
of it. From whence it is eaſy to determine 
the Images of radiant Bodies, becauſe made 

of radiant Points. But to the more eaſy 

termination of it, as likewiſe to many 
other Things belonging to Practice, the 
Theorem before us will not a little conduce : 
In which we make uſe of that Image of any 
Point, which is ſeen by an Eye placed in 
the ſame Aris with the radiant Point. For 
we ſpeak not here of thoſe Images, that are 
ſeen by the Eye in any other Poſition (which 
+ yet may be determined by the Help of the 
preceding Prop.] becauſe they are only ſe- 
ondary and Th conſiderable ; eſpecially 
ſince ſuch; an Image of a right Line has 
been already ſufficiently conſidered by the 
famous Barrow, in Left. Opt. XVI. and 


Let any ſpherical Speculin be Ggnified 
by its greateſt Circle B D, whoſe Centre 
f is 


r 
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is A; and the radiant Plane by the right Line 
BE From A upon FE, ſuppoſe AE 
drawn perpendicular, meeting the Specu- 
lam in the Ferrar B. Find, by ſome one 
of the preceding Prop. applicable to the 
Caſe, os Miles C of thoſe Rays after 
Reflection, whoſe: Focus 'before 8 ; 
was E; through this dram the Plane CT 
parallel to FE. I ſay that the Image of 
the Plane F E madle by the Speculum, wHl 
be placed in the Plane CI. 0 
From any Point F of the radiant Pl; 
to A the Center of the Speon/um; ſuppo! 
the Ray F A produced, meeting the Spectyn 
am e the Plane CT. in T. The 
reflected Ray of the incident one ED, is, 
by Conſſruction, C D; but let B H be 
ppoſed r be F B, t 

3 — Angle F AE . by Suppo- 
Gtion, ſmall, the Arch D B will be 15 
ſmall; and almoſt degenerate into a ſmall 
right Line. And the Circumference of 2 


Circle deſcribed on the Diameter B F, will | 


pals through the Points D and E; becauſe 
of the rig N. An gles FE B, FD B. Whence 
the Angles BED, BED, in the ſame Seg- 
ment, are equal. And lince the Angles op- 
ed at theYertex A are equal, or the 
me, F BA, EDA will be likewiſe equal; 
Therefore the Angles ABH, ADC, that 
are 1 88 I. equal to theſe, are 215 
| lags © þ 
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wiſe equal. Whence the Triangles ABH, 
AD & are equiangular, and Tonſequene: 
ly ſimilar. Whetefore A B is to AH, as 
AAN, and ſinoe A B is equal to 
AD, AH will be equal to A C. But be- 
cauſe of the Smallneſs of the Angle C AT, 
AT is reckoned equal to A C; therefore 
AH is to be reckoned equal to A T. But 
H is che Image of the Point F in the radi-⸗ 
ant Plane; whenee its Poſitiom is in the 
Plane C T. The ſame may after the like 
manner be ſhewn of any other Point in the 
Plane F E: From whenee: the” . 
is manifeſt. - 4 45 2 _ 
But if the Object expoſed to the $p 
lum be vaſtly diſtant, the Images of each of 
the radiant” Points: will, by Prop. III. be 
in the middle Points of the Semidiameters of 
the Speculum tending towards them : That 
is the Image of a diſtant Object will form 
« ſpherical Surface, concentrieaÞ with the 
Peculum. But becauſe the radiant Body, 
y Suppoſition, is ſeen under a very ſmall 
 Avtgle, 10 {mall a Portion of the ſpheri- 
cal-Surface a8 is poſſeſſed by its Image, 
Tecarce differs 2 the plane Surface to 
Which A B is perpendicular. Wherefore 
the Propoſition holds in all Caſes: For the 
Demonſtration takes Place in any other 
Caſe,” as well! as in thoſe two pn Ie in 
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If the Angle EA F be too great, the 
right Line A H will be ſenſibly leſs than 
AT: whence the Image of an Object ſeen 
under too large an Angle, from the Center 
of the HHeculum, made by a concave Spę- 
culum, will be ſenſibly concave; and that 
which is made by a convex Speculum will 
appear convex 
Scnorrun. ” 
Concerning the Images of radiant Sur- 
faces, made by ſpherical Surfaces, it will 
not be improper to take notice of ſome few 
Things. 1. If the Object expoſed to the 
concave Speculum be diſtant from it more 
than by its Semidiatneter, the Image of it, 
CT, will be diſtant from the Speculum 
more that by a fourth part of its Diameter, 
but leſs than by its Semidiameter ; that is, 


it will appear Hanging in the Air between 


the Obje and Speculum, and likewiſe in- 
verted ; that is, the uppet Parts will 5 
pear undermoſt, and the right on the left. 
If the Object recedes from the Speculum, 

the Image will approach to the Heculum; 
but if the Object approaches to the Specu- 
lum, the Image will recede from it, till 
meeting at laſt with the Object, it will co- 
incide with it in the Center. After the 
Ec F lame 
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ſame manner the Image of the Radiant CT 
will be F E, whoſe-Properties are evident 
by what has been juſt now ſaid. But if 
the Diſtance B E be ſo far enereaſed that 
the Object be vaſtly diſtant, the Diſtance 
of the Image CT from the Specu/rm will 
be equal to a fourth part of its Diameter. 
But if the Sun be the radiant Body, in the 


room of its Image will be excited a Burning 


(it the $þ 3 larger than 
the Image of the Sun) becauſe of the Sun's 
Rays being cloſer compacted in that Place. 
But if a lucid Body be placed in the Mid- 


dle, betwixt the Vertex and Center of the 


Speculum, its Image mado 
at a vaſt D Face will en 
vaſtly diſtant. 
2. H CB, the Difance of the Radiant 
CT from the concave Soculum B; be leſs 
than a fourth part of its Diameter, its 
Image will be EF (by Prop. IV and VIII) 
laced beyond the Speculum, and erect as 
| - a plane Speculum, and which approaches 
to the Speculum as the Object approaches 
to it ; and ſo on the contrary, After the 
ſame manner che Image of the Radiant FE, 
made by a convex SPecu/um, will be C T, 
whoſe Properties, from what has been ſaid, 
are eaſily detected: For as the Radiant ap- 
proaches to the Speculum, the Image like- 
wiſe approaches to it; but when that re- 
cedes to a Diſtance even in rate, the Image 


al Speculum 


will 
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will ſtop at the middle Point between the 
Speculum and its Center. 

3. Suppoſe the Rays of each point of the 
Radiant wete ſo infected as to be about 
forming the Image C T, but are hindered 
from it by the Intervention of the convex 
Speculum BD. From what has been ſaid * 
above, it is plain that theſe Rays, after 
Reflexion from the Speculum, Will make 


the — 4 F E; whoſe Properties, Situa- 
Figure, 


with reſpect to the Object 


G (if it may be called an Object) 10 ; 

ſily found by the foregoing Rules. 

in the preceding, and all Scher Caſts, the 
Ratio of the kg to the Object is given, 
beeauſe they appear under the Came or equal 
Angles from the Center of the Seculum. 
But this will be more plain od the * 
lowing Theorem. Ny | | 


2 — — — 
1 CC] 


e.. TRHEOR. III. 


"HE Radlant and its Image mads 
1 5 the Speculum, are ſern from the 
ert 


ex of the PEO, under Anal Angles. 
Fig. 14, 15. 9 

From A, * Center of the Heerlen 
aro the Radiant H F, let fall the Perpen- 
1 55 A E (which, by Prop. VIII. . 
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44 J Elements of Catoptrics. . 
be likewiſe perpendicular to the Image 7% 
meeting the Speculum in the Vertex B. 
Join the right Lines BF, BH, Bf, BB. 
I fay the Angles HHH 5 BF; are equal, 
Join Ff; this will paſs through the Center 
A, becauſe by Suppoſition the Image of 


any Point is pla in the Air of Radia- 
tion. After 


| the ſame manner the Points 
VA and 5 are placed in the ſame right 
Line. From the Nature of the Image, 
E is to EA, s BC to CA: therefore 
E is to G as EA to CA. But be- 
cauſe of the equiangular Triangles, 4 EE 
ACf, EAI to CA, as EF to Cf. 
Wherefore BE is to EH as BC to Cf. 
And ſince the Angles BEF, B Cf are 
right, the Angles EF, Cf will be 
equal. Aſter the ſame manner E B H. 

CBh are equal: Whence HF, 58 

are equal. O, E. D. 


„ *Conxorm 


1 The radiant Line FE H, and its Image 
# fCh, are to one another as their Diſtances 
from the Fertex, BE, BC. And if the 
adiant be a Surface, it will be to its Image 

in a duplicate Proportion of thoſe ſame 
Diſtances. From whence, if the Diſtance 

of the Radiant and its Image from the 

Speculum be given, the Proportion of the 

Image to the Radiant is alſo given. In like 

7 * ; 9 | manner, 
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manner, if the Image of the Radiant C 


made by ſeveral Specula be given, we ſhall 
have the Proportion of the primary Radiant 


to the laſt Image. It follows farther, ,that 


the Line FH, and its Image f B, will be 


cut in the ſame Proportion by the right 
Line BE, joining the /ertex and Centers 


or that FE | is to EH, e Ch. 


— —— — 
— — 


pos X. pros. VI. 


T2 find ſuch a Poſition 8. radiant 


Boay, that its Image made by the 
Speculum. may * = to any given Figure 
i n th the 2 ant : Or, which comes 


to the ſame 1 that the Radiant and 


its Image made by the Syeculum may be in 


à given Ratio. Fig. 16. 


Let the Speculum 2 O be given, whoſe 
Semidiameter is 2 4; and let the given 
Ratio be BA to A M. If the Radiant be 


_ a Line, biſect BM in E, and by ſome of 


the preceding Propoſitions, find the Focus 
C, correſponding to the Focus E. I fa 
Ci is the Place of the radiant Line ; Pe 
from the Relation of the Points C and E, 
BCis to CA, as NE to EA; BC will 
be to BC + C4, x NE to BE T EA. 
chat is, becauſe BE is equal to EM, B f 
| W 


— 
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will be to BA, as BZ to AM; and in- 
verting the proportion, 20 is to N E, as 
4 to AM. But (by Corol. Pr. IX) BC 
is to BE, * Line placed in C, 
to which 2 C is perpendicular, is to its 
c in E: Therefbre the radiant Line in 
O is to its Image made by the given Secu- 
lum BD at E &s BA to A M;: that is, 
in the given Ratio. QE. BV. 
But if the Radiant be a Surface, in the 
room of A M in the preceding Conſtruction 
you mult take a right Lie, D which B A 
is in a Ratio ſubduplicate of _ Py it 
bears to AM - FAY 
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optrics being finiſhed, we 
— proceed. to Dioptrics; by the 
2 Aſſiſtance of which we are ſtill 
ä furniched with more Inſtru- 
ments, and ſuch as are fitter 
for Uſe, and admitted 'to a nearer View 
of the Secrets of Nature. For Glaſs is ea- 
fier brought to a die Fj than Metal, 
and preſerves it longer : Nor does a Lens 
ſuffer ſo much Loſs in its Poliſh, from any 
Injuries of the Air, as a Speculum does. 
And it is difficult to make a Speculum that 
ſhall reflect ſuch firopg and cloſe Rays as 
a Glaſs Lens tranſmits. 
But, © beſides theſe phyſical Difficulties, 
the Cauſes of which are not to be ſought 


from 
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from Dioptrics, a Lens is preferable in 
Practice to a Seculum, for the following 
Reaſon i Becauſe a Fault in a Seculum pro- 
duces an Error in the reflected Ray ſix 
times greater than an equal Fault in a Lens, 
when the Ray paſſes out of Air into Glaſs; 
and four times greater, when the Ray paſſes 
out of Glaſs into Air: For, by Theor. I. 


the Error of Incidence produces an Error 


twice as great in the reflected Ray, but near 
thrice leſs in a refracted Ray out. of Air in- 
to Glaſs; and twice leſs in a refracted Ray 


out of Glaſs into Air; as will appear at 


Sehol. 2. Prop. XI 


In Dioptrics, as before in Catoptrics, we ' 


ſuppoſe the Eye placed in the Axis of Ra- 
diation; becauſe this Poſition; where only 
Toenſes are uſed, is eaſieſt obtained: But 
where Specula and Lenſes are mixed toge- 
ther, that 4xis (by Corol. 1. Prob. 1.) may 
be inclined in any given Angle. 


— — — — | 2 —d — 
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NX Ray f Liebt, at a plane Surface of 
* a. Medium of afſerent Denſity, is ſo 
refrafied, that the Media remaining the 
fame, the right Sine of the Angle of Inci- 
dence will, in all Inclinations, bear the 
fame Proportion to the right Sine of the 
 refrated Angle, Fig. 17. 


It 


/ 


my FAY Wo A tos dd A -©@ a> 


- , a ea r Dc © OD. mT. 


4 
= a Ny * 
F ” * 
. 
* 


The Elements of Dioptrics. 43 
It is ſufficient for. a Mathematician to 
have proved this Theorem by Experiment; 
ſo that from this laid down he may demon- 
ſtrate the Properties of a given Figure in 
refracting, or inveſtigate a Figure whoſe 
Laws of refracting are given: Vet, for the 
ſame Reaſons that induced us to demonſtrate 
a like Catoptrical Theorem, we ſhall give 
the Demonſtration of this. 

For this Purpoſe, different Perſons. have 
uſed different, and quite contrary, Poſtu- 
Jata: Cartes taking. up the ſame Theorem 
(though in other Caſes he affirms the Pro- 
pagation of Light to be.inſtantancous) would 
have it in his Dioptrics, that a Ray of 
Light is carried with a greater Celerity 
through a denſer Medium, as Water or 
Glaſs, than through one leſs denſe, as Air. 
This appeared too groſs to Barrow, Fer- 
mat, and others, who went into a con- 
trary and more probable Opinion. More- 
over, Barrow and Maignanus believed, 
that ſome certain Thickneſs of the Ray of 
Light, however ſmali (which Cartes neg- 
lected as inconſiderable) was neceſſary to 
demonſtrate this Theorem. We have fol- 


lowed the Method of Geometers, and com- 8 


poſed a Demonſtration far enough from any 
Se, and depending only upon a very ſim- 
ple Property of Light, which we . 
in the beginning. 
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Let the Light lowing from the Point-A, 
and comprehended in che Plane of Inflec- 
tion between A B and AD, fall upon the 
right Line BD, the common Section of 
the Plane of Inflection with the plane Sur- 
face of the Medium BCED of different 
Denſity. (We may juſtly conſider this by 
it ſelf; becauſe the Rays which compoſe it; 
and their refracted Rays, are, diſtinct ly 
from the other circumfuſed Light, cont4in- 
ed within the forementioned Plane by Ax. 
2.) Let one of the extreme Rays A D be 
perpendicular to the right Line BD, whoſe 
refracted Ray DE (whatſoever be the Den- 
fity of the Medium BE) will conſequently 
go directly on in the ſame right Line with 

D: But let the other A B, containing a 
certain Angle with AD, meet the right 
Line B D, which ſeparates the Media, in 
B; through B draw K B F parallel to A E. 

Let the aforeſaid Light, contained betwixt 
the right Lines A B, A D, be ſuppoſed to 
be propagated in the Medium D G, betwixt 
the right Lines DE and BG continued #4 
mfinitum : That is, let B G be the refract- 
ed Ray of A B, whether the Light paſſes 


out of a rarer Medium into one more denſe, 
as in Fg. 17. or out of a denſer one into a 
rarer, as in Fig. 18. Ifay, the Sine of the 
Angle AB K will, in any Inclination of the 

Ray, have the ſame Proportion to the Sine 


M 


bf the Angle G BF. | 
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On the Center B, and with any Diſtance 
BG, deſcribe an Arch of a Circle meeting 
the Ray bg in * ; from whom let fall GN 
perpendicular to A N, interſecting the right 
Line K F in F. ſs * 5 
The Light which proceeding from A is 
diffuſed into the right Line BD, will, if 
B G be put for the h of the refracted 
Ray, be diffuſed within the new Medium 
DG into the right Line G N: For the 
Spaces into. which the forementioned Light 
is diffuſed, muſt, be computed by theſe 
right Lines parallel to the right Line B D, 
becauſe at BD it loſes its former Degree 


of Diffuſion, and after that enjoys a new 


one. The right Line BD which divides 


the Meaia remaining the ſame, ſuppoſe the 


Medium DG, in which AB is refracted 
into BG, were taken away, and another 
Medium D C of a different Denſity ſubſti- 
tuted in its Place, in which the Ray A B 
is refracted into BC, Ex. gr. ö 

the Cirele in C, through which draw the 
right Line CE parallel to B D, meeting 
AN in E, and KF in M. The right 
Line CE will be the Space into which the 
Light is diffuſed within the Medium D C, 


the Length of the refracted Ray B C conti- 
nuing ſtill the ſame. If from the right 


Lines G N, CE, into which the Light is 
diffuſed, you take away the right Lines 
FN, ME, which depend not at all * 

, G 2 the 
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the Facilities of the Media, that is, their 
Readineſs in diffuſinse Light (for the 
Length and' Poſition of the Ray AB re- 
maining the ſame, the forementioned right 
Lines F N, ME remain the ſame and inva- 
riable, howſoever the Facilities of the 
Media D G, D C are avemented, diminiſh- 
ed, or even annihilated) there will remain 
GF, CM for the genuine Effects of the 
Media DG, D C reſpectively. Therefore 
ſince all Things that reſpect the Refraction 
of the Ray A B from the Medium D K, 
to Media of different Denſities D G and 
D C, excepting only the Denſities of thoſe 
Media, are made the ſame (namely, the 
Medium D K, out of which the Light 
paſſes the ſame, the Angle of Incidence 
ABK of the Ray AB the ſame, and the 
Length of the refracted Ray within the 
ſecond Medium DG, or D C the ſame) 
the forementioned right Lines G F, CM 
will have the ſame Proportion with the 
Facilities of the Media D G, D C which 
produced them: For all Effects are propor- 
tional to their Cauſes. 5 \ 4M 

Nov if the Medium D C, in which the 
Ray AB is refracted into B C, be the ſame 
with the Medium DK, in which Caſe the 
retracted Ray BC (if it may be called ſo) 
of the Ray AB will be in a direct Line 
with the incident one AB; G F will be 
yet to CM as the Facility of the _—_ 
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DG to the Facility of the Medium D C, 
that is, by Conſtruction, to the Facility of 


the Medium DK. Moreover, CM is the 
Sine of the Angle CBM, or the Angle 


ABK, which is the Angle of Incidence of 
the Ray AB; and GF is, to the ſame Ra- 
dius, the Sine of the Angle G BF, that is, 
of the refracted Angle of the ſame Ray: 


| Wherefore the Sine of the Angle of Inci- 


dence is to the Sine of the Angle of Refrac- 


tion, whatſoever be the Inclination of the 


Ray AB to the refracting Plane (for the 
Angle DAB, to which A K is equal, is 


taken at Pleaſure) as the Facility of the 


Medium DK to the Facility of the Medium 
DG, infle&ing the Ray AB into BG. But 


the Media being ſuppoſed the ſame, the 


Denſities of the Media, and their Facili- 


Ties ariſing from thence, and conſequently 


the Ratio of thele will remain the ſame : 


Therefore in every Inclination of the Ray 


the Ratio of the Sine of the Angle of Inci- 
dence to the Sine of the Angle of Retrac- 
tion remains the ſame, O, E. P). 

This Theorem is thus ſhortly demonſtra- 
ted in the Geometric Phraſe, The Poſi- 
tion of the incident Ray remaining the ſame, 
the refracted Ray remains the ſame, hat- 
ſoever be the Length of the incident Ray 
A B : Therefore no reſpect is to be had to 
its Length, or the right Line A B is to be 


taken for nothing. Therefore the right 


Line 


7 
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Line FN, which bears a certain Propor- 
tion to A B, vaniſhes at the fame time : 
Whence the right Line G N, into which 
the Light is diffuſed at a given Diſtance 
BG within the Medium: D &, is changed 
into the only and determinate right Line 
GF; which is conſequently appointed by 
Nature for the Meaſure of the Facility of 
the Medium DG, to which it owes its Riſe, 
0, E. D. #2 

But if in the Paſſage of a Ray from a 
denſer Medium into a rarer (Hg. 18.) its 
Inclination be ſuch, that G F, which is to 
CM in the Proportion of the Facilities of 
the given Media, ſhould exceed the Semi- 
diameter B G; then the refrated Ray of 
. AB will be nothing (after the manner of 
an impoſſible Caſe in a Geometrical Pro- 
Diem.) But that which ſhould have been 
the refracted Ray will not enter the rarer 
Medium D G, but will be reflected from 
its Surface, according to the Law of Theor. 
I. in which Caſe the Law of this preſent 
Theorem (as being more univerſal) does ne- 
vertheleſs take place. | 

The converſe of this Propoſition is ſuffi- 
ciently manifeſt ; namely, that the refracted 
Ray of any Incident is truly aſſigned, when 
the Angle of Incidence is to the Angle 
comprehended by the aſſigned right Line, 
and another drawn perpendicular to the 


refracting Surface, in the Proportion of the 
| | Faci- 
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Facilities of the given Media, which is 
the Meaſure”, of the Refraction between 
them: For the refracted Ray of the Inci- 
dent propoſed can be no other than that aſ- 
fangs” 9s - e M.A! 
The Invention of the preceding Theorem, 
which is the principal one in Divprrics, - 
is commonly attributed to Carteſius, tho 
it was known to Millebroru Snellins, who 
was dead ten Years before Cartes's Diop- 
rrics were publiſhed: For Yoſſius, in his 
Treatiſe De Natura & Proprietate Lucis, 
publiſhed at Amfterdam in the Year 1662, 
Page 36, tells us, that it red from 
Sne/lins's/ Papers, which himſelf had ſeen, 
that he had found out, that the 
tion between the Secants of the Angles, 
which are the Complements of the Angle 
of Incidence, and the Angle of Refraction 
to right ones, is. conſtantly the ſame : But 
it is known'that the Secants of Angles are 
reciprocally, as the Sines of their Comple- 
ments to right ones; becauſe the Semidia- 
motor is a mean Geometrie Proportional 
between them — 5 
Since we have happened to ſfeak of Se- 
cants, it is worth the taking notice how 
near the inquiſitive KEPLE& was towards 
finding out this Theorem ; who, at Prop. 
V. and VI. Paralipom. in Vitellionem, lays 
down theſe Secants for the reſpective Mea- 
ure of Refractions. 


Cox ot. 
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'COROL. 1. 


if BG be the refracted Ray of hs Inci- 
dent AB, every thing elſe remaining the 
ſame, B A will be the refracted Ray of the 
Incident & B: For the Facilities of the 
Media, by which the Sines of the 17 
are ä remain the ſame. 


1 


Cox ol. 2. | 


From the W en of this Theo- 
rem it follows, that if the Ratio of A to 
B meaſure. the Refraction between the 
Media A and B, and the Ratio of A to C 
the Refraction between the Media: A and 
C; the Ratio of B to C will be the Mea- 
ſure of the Refraction between the Media 
B and C. Which is alſo manifeſt, by ſup- 
poſing the Thickneſs of the common Me- 
dium A, between the parallel Planes of the 
other two, to vaniſh : For by this means, 
= Angles remaining the ſame, that Part 

1 5 y, propagated through the three 

ia, Which is in the Meaium A, va- 


Conor. 3. 


— "ns it likewiſe. follows, that if the 


Poſiti tion of the Ray A B remaining the 
10 5. . _ fame, 


* 1 
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ſame, the Poſition of the inflecting right 
Line B D be changed by an Angle, ſuppoſe 
E, the Poſition of the refracted Ray B G 
will alſo be changed by an Angle e, which 
is to E as the Difference of I and R to I; 
(the Ratio of the Quantities I and R being 
ſuppoſed the ſame with the Razio of the 
Sine of the Angle of Incidenee to the Sine 
of the Angle of Refraction, and the Angles 
ſo ſmall, that they may be looked upon to 
have the ſame Proportion with their Sines) 
and the Angles e and E are ſituated on the 
ſame Sides of the right Lines B G and 
B D reſpectively, when I "exceeds R; 
but on contrary Sides when R exceeds I. 
After the fime manner, from this Propoſi- 
tion, may we judge of the Change the 
Angle G BF will undergo, when the 
Angle A BK is changed by any other 
Cauſe whatever. . 


 - SCHOLIUM r. 


The aforeſaid Law of Refraction is con- 
firmed from the Wiſdom of Nature, al- 
ways acting by the moſt eaſy and expe- 
ditions Methods; which we before found. 
in Catoptrics to be a legitimate Axiom; 
namely, to the Light proceeding from A 
to &, ſuch a Point of Incidence B is aſ- 
ſigned, that it may perform its Journey 
AB G in the leaf Time poſſible. Which 
. | | H Point 


* f . 
5 * 
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Point of Incidence may be found by the 

Help of any Method (Fermats for In- 
ſtance) which determines a Maximum & 
Minimum, but PTY: alter e 
TY | 


' 


Ae 85 *. 


BD ino Points being\gioen in Media of 
aiferent Den wes . the plane 
Surface dividing the Os whoſe Denfi- 


ties are likewiſe gi 1 in Poſi- 
tjon : To find Fer oy 4 Pan f 2 th fore/aid 
Surface, that a moveable:Body proceeding 


from one"of the given RY ough the 
Point ſoug bt to > or ber of them, — take 
wp the leaſt Time in #t s Jung. Plate II. 


* I. 


Let the given points be A be; and 
let MN be the Surface dividing the Media 
of different Denſities, or rather the common 
Section of the Plane of Inflexion continued 
through A and G, with the foreſaid Sur- 
face dividing the Media : For (by Ax. 2.) 
the Point ſought will be Wb. in that. 
Let the right Lines I and R expreſs the 
Velocities of Light in the Media 9 CF 
reſpectively. 

Becauſe the Velocity of a moving Body 
being given, the Time is as the Space run; 

and the Space being given, the Time is 
2489 2 | abt: as 


— 
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as the Velocity reciprocally ; if neither be- 
ing given, the Time will be in a com- 
pound Proportion of the. Velocity recipro- 
cally, and the Space directly. Therefore 
the Time in which the right Line AB is 
run will be expreſſed by Rx AB, and the 
Time in which B G is run, by IxBG ; and 
conſequently the — 2 in W the whole 
Journey AB G is performed, which is made 
up of both of them, will E e xpreſſed by 
the Quantity RxAB+I*BG; which muſt 
be the Minimum. j 4 

From the Poſition of the points A and 
G, and of the right Line MN bein 
given, the right Lines AD, G C, bad 
DC, which we ſhall call 2, c, and re- 
ſpectively, are given in Magnitude. Call 
CBX. Whence BD=d—x, AB = 
-n, and BG = cx}, Cx), 


Therefore R. 2dr x cx 
muſt be a Minimum. 

Now this is ( as Mathematicians 
know very well) va the E Fluxion of 
Rx V aN o. But 
by the Mer bud of that molt celebrated Geo- 
meter Sir 1/aac Nezwtou, for finding the 
Fluxions of as many Fluents as are involved 
in any given Equation (to which alſo the 
famous Leibuit's Differential Calculus ro- 
lates) which, you may ſee at Cap. XCV. 
Tol. II. 88 Mathenat . if, 1 The 


Iuxion 
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PFluxionof R V4. Tü w Oo 


is R* — 2dx + — * zx . 
—— ͤ— 

2/f—2dx+xoþ0* 2% c 

making this equal to nothing, we have 


Ix x Rxg—x 


Therefore 


ci VA D 

And ſubſtituting, in the room of their Va- 
lours, the right Lines themſelves expreſſed 
IX CB AxBD. 
1n the Scheme, it becomes =— 
1 BG AB 

And if BG AB, then I*CB=R*BD, or 

BD. BC: : IL. R. 

Therefore if the right Line D C be di- 
vided in B, ſo that D B may be to B C in 
the given Ratio of I to R, the Light will 
rform its Journey from A to G ( or 
backward from G to A) in the ſhorteſt or 
Ieaſt Time poſſible, by going along A B G. 
But DB and BC are the Sines of the 
Angles BAD and BG C; that is, of the 
Angles AB K, GBF; namely , of the An- 
gle of Incidence, and the Angle of Refrac- 
tion. Wherefore, that the Time of the 
Paſſage from A to G (or from G to A) 
may be the /eaft, the Ray muſt ſo fall, 
that the Sine of the Angle of Incidence may 
be to the Sine of the Angle of Refraction 
in the Ratio of I toR; that is, in the 
Ratio of the Velocities of Light i in the 1200 

ſai 
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ſaid Media, or (as is ſhewn before in the 
Demonſtration of Prop. XI.) in the Ratio 
of the Facilities of the ſame Media, upon 
which the Felocities of the Body moving 
through them depend. Þ | 

Since there are in the Plane dividing the 
Media an infinite Number of ſuch Points 
(two of which are in the right Line M N) 
that the Light, in paſſing from A to G (ar 
from G to A) through any of them, ſhall 
take up any given Time exceeding the Zeaft ; 
there can be no Reaſon aſſigned, why it 
ſhould paſs through one' of thoſe Points 
rather than another : 'Therefore it will paſs 


through none but the only and determinate 
one of its kind, B. | 


+ ScHoLIUM 2. 


When a Ray of Light paſſes out of Air 
into Glaſs, we obſerve the Sine of the An- 
gle of Incidence to be to the Sine of the 
Angle of Refraction, as 3 to 2 in round 
Numbers: And in paſſing out of Air into 
Water, I is to R (which Symbols we ſhall 
uſe for the future, to expreſs the Ratio of 
the Sine of the Angle of Incidence to the 
Sine of the Angle of Refraction, which is 
the Meaſure of Refraction) as 4 to 3. And 
on the contrary, in the Paſſage of a Ray 
out of Glaſs into Air, I will be to R as 2 
to 3, by Corel. 1. From whence the Rea- 
fon is plain, why a Ray in Glaſs, ſtriking 
upon 


Line G F, which is ſeſquialteral of the 
Sine of 420, excceds the Radius; in which 
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upon a Surface of Air, more obliquely 
in an Angle of Incidence of about 42 De- 


does "not Enter the Air, 2 


grees, 
flected from its Surface: For the right 


been obſerved: above. N 
N fs 
Ray out of Kir into Glaſs, I is Flquialterd 
or 14 of R, and in its Paſſage ont of Air 
into Water, I is 13 of R; in its Paſſage 
out of Water into Glas (by Corv/. 2.)1 
will be x4 of R. 
And from Corol. 3 it follows, that the 
Error of the refracted Ray is but ſubtriple 
of the Error of the Surface of Glaſs by 


which it was occaſioned, and on the vl 


Side with it, when the Ray paſſes out of 
Air into Glaſs but ſubduple of it, and 
on the contrary Side, when the 9 pulſes 


| out of Glaſs into Air. 


Prot. XU. Tuson. V. 


ET BD be a gu kece dioiiing Media 
| of. different Denſities ; npon which 


1 


let a Ray fall proceeding from E, and be 
refratled into D N, rhe Surface dividing 


the Media remaining the Jame, but the 
Media 
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Media being tranſpoſed ; I ſay tbe refrafied 
Ray DC * the Ray MD being placed in 
the ſame right Line with E D, zuill be in 
the ſame right Line 2 the farmer. re- 


Draw the ri -he Line ADo. E 
cular to the Surface BD in D. 
Since DN is the refracted Ray of E D, 
(by the foregoing) the Sine of the Angle 
E DA will be to the Sine of the Angle 
NDO in the Ratio of I to R; and if the 
Media be tranſpoſed, the Ratio of I to 
R will be the * 9 of the Rgfra&ion 
out of the Medium B D M ü into the Me- 
dium B DE: That is, ſuppoſing MD to 
be the incident Ray, its reſracted Ray will 
be ſuch, that the Sine of the Angle MPO 
ſhall-be to the Sing of the Angle AD C, 
Ito R: That is, by what has been al 
now ſhewn, as the Sine of the Angle ADE 
to the Sine of the Angle N DO. There- 
fore ſince the Angles EDA, MD O are - 
equal, and conſequently. their Sines, the 
Sines of the Angles ADC, NDO will be 
likewiſe: equal, and conſequently the An- 
gles themſeves, Wherefore N D and DC 
le te an ag Tyne” 2 * V. 


4 Conor. , 


If Rays diverging from E aſter Re- 
fraction at at the Surface B D, ee 
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from the Point C, the Media being 
tranſpoſed, . and the Surface dividing the 
Media n the ſame, Rays cons 
verging ds E will, after their Re- 
fraction at B D, converge towards the 
Point C. 
Therefore all that can be demon ſited 
of Rays diverging, may equally be applied 
4 to converging ones. Wherefore for the 
future we ſhall only ſpeak of 1088 1 
ging, leaving thoſe converging to be deter- 
mined wha oa * 


— \ 4 . 
= — - - 


4 P R oP. Ill. P ROB. VIII. 
Fe; th#Bocus of divert ing Rays bo- 


FA a mw _ A woos kk a t A AX Fd DO ©&@ co to 


ing given, to Aa Focus of 2 | 
_ fame Rays after their Refraction, at a 
Plaue Surface of a Medium of different 
Ben ty, x Teſpeft to an Bye placed 


| in the Axis, | Fig. . a , 


Through, the given Rent of diverging 
Rays, draw the right Line EB 1cu- 
lar to the lane Surface B D of a Medium, 
either denſer or Aer in this take the Point 

. C ſuch, that C B may be to E B, as I to 
R. I ſay C'is the Fus ſought. 
Let fall any Ray E D. Through D 
draw AO parallel to EB. Join CD, and 


produce it to F. . 
3 3 


„ rr 


a = ws.ic4 


, - Fx 


"- af : « ” — * "_ - | 
- 9 : . . * Fe 

N * = l n * 

* 27 W * 
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If the Ray E D be near enough to the 8 
right Line E B (for we ſpeak here only of 
thoſe Rays that fall near the Ait, ſince 
theſe only do, after Refraction, aſſect the 
Eye placed, by Suppoſition, in the Air of 
Radiation produced; thoſe that fall more 
obliquely paſſing by the Pupil of the Eye, 
and conducing nothing at all towards diſ- 
cerning the Point E, as we have before 
obſerved in Catoptrict) ED will be nearly 
equal to E B, and C D to CB. Where- 
fore C Dis to E D, as I to R. But CD 
is to ED, as the Sine of the Angle BE D, 
or its equal E DA, to the Sine of the An- 
gle BC D, or its equal OD F: Therefore 
the Sine of the Angle EDA is to the 
Sine of the Angle ODF, as I to R. But 
the Angle EDA is the Angle of Incidence 
of the Ray E D: Therefore ODF is the 
reſpective Angle of Refraction ; that is, 
DF is the refracted Ray of the Incident 
ED. And the ſame may be ſnewn ob any 
other Ray diverging from E; whence C 
is the Focus required. O, E. J. 


„ 


.Coror. 1. 


From hence, and from Corel. t. Prop. 
XI. it follows, that the ſame Things be- 
ing ſuppoſed as before, Rays in the Me- 
dium 5 D O converging towards C, will, 
aſter jon, converge towards E. 
OP N And 
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And if the Media were tranſpoſed, it 
follows from hence, and from Prop. XII. 
that Rays in the Medium B DO conver- 
ging towards E, will, after Refraction, 
conv towards the Point C; and 
parallel Rays will, after Refraction, at a 


plane Surface of any W . remain 
parallel. | | | 


8 


If BDA be Water, and B DO Air, CB 
will be to E B, as 3 to 4: From whence 
it happens, that Water appears a fourth 
leſs deep than it really is. But it 
B DA be Glaſs, E B will be 1: of the 
right Line CB. 1. 


SCHOLIUM, 


| What is demonſtrated of any - incident 

Ray, namely, that its refracted Ray D C 
produced backwards, till it meets with 
EB, is to the Incident E D as I to R, is 
alſo true of the perpendicular Incident 
EB: For its refracted Ray B C produced 
backwards, though as to its Poſition it be 
the ſame with the Incident, yet as to its 
Length it is to it in the very ſame Ratio of 
Ito R. And becauſe this Ray paſſing 
through the Center of, the Eye, and the 
others that are neareſt it are the only ones 

111 that 


** wm od OÞ Hy __ 
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that affect the Senſe ; from thence it is that, 


with reſpect to the Eye, C is the Ficus 


1 the Rays — from E, and refract- 
ed at B D. This Conſideration extends 
lixewiſe to what follows. 8 


— 
9 * 


PRO P. XIV. PRO B. IX. 


T O find the Foeus of parallel Rays 
falling upon a ſpherical Surface of 
a Medium of. different Denſity, N A. 
bal, e II. Fig. 5, 6. 1 


Let the Pberieal Surface, whoſe Center 
is A, be expreſſed by the Circumference of | 
the Circle B D; through A draw the Axis 
AB parallel to the incident Rays, meeting 
the Circle in the Yertex B; in which take 
the Point C ſuch, that B C may be to 
AC, as I to R. 'Ifay C the Focus re- 
quired. fy 


Let any Ray fall ar D; drew the right 


Lines AD, CD, and produce them. The 


Sine of the Ang le BAD, or its equal ED 


O, is to the Sine of the Angle CDA (or 
its Complement- to two right ones) as C D 
to AC, or (the Arch DB vaniſhing, for 
Reaſons” before often mentioned) as C B 


N; that is, ä as I to 


I 2 R: 


Aa 


* 


*. 
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R: But EDO is the Angle of Incidence 
of the Ray E D; therefore D C is- its! re- 
fracted Ray, Aſter the ſame manner it 
may be demonſtrated, that any other of the 
perallel Rays will, after Refractjon, paſ 
through C: Therefore C is their Focus. 
N. E. D. | 


3 - CoRoOLLARIES. .. 


Hence, and from Corol. 1. Prop. XI, 
and Corol, Prop. XII. it follows:; 
IT. That Rays in Air parallel to the 4xzr, 
after Refraction at a Spherico-conver Sur- 

face of Glaſs, conyerge to a Point whoſ 
Diſtance from the Fertex is equal to three 
Semidiamerers of the Sphere. -.:, -., 
2, That Rays in Glaſs, diverging from a 
Paint diſtant from a Spherico-concage Sur- 
face of Air by three Semidiameters, do, 
after Refraction, become parallel to a right 
Line drawn through the radiant Point and 
the Center of the Spheruee. 

3. That Rays in Glaſs parallel to the 
Axis, after Refraction at a convex ſpherical 
Surface of Air, diverge from a Point whoſe 
Diſtance from the Yertex is equal to the 
Diameter of the Sphere. 

4. That Rays in Air, converging to- 
wards a Point diſtant beyond a concave 
Glaſs by the Diameter of the Sphere, aſter 
Refraction at the concave Surface of Glaſs, 
292 | S 4 become 
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become parallel to à right Line dra 
through the e Center of the Sphere, e. 
forementioned Point, 14225 10 
J. That Rays in Air S 
aſter Refractien at a concaye Surface 
Glaſs, diverge from a Point at three Semi» 
diameters Diſlance from the Fertex. -, : 

6. That Rays in Glaſs, converging to 3 
point three Semidiamerers diſtant beyond a 
Spherico-convex Surface of Air, after Ro- 
fraction, become K toſa right Line 
drawn e of the Sphere 
and the forementioned Point. 

7. That Rays in Glaſs parallel to the 
Axis, after Reſraction at a Spberico- con- 

ce Surface of Air, converge to a Point 
diſtant from the Vertex by: a Diameter 6. 
the Sphere. 
8. That Rays in Air,. diverging RE a 
Point at a Diameter s Diſtance from a Sphere 
of Glaſs, after Refraction at a convex Sur- 
face of Glaſs, become parallel to a right Line 
drawn through the forementioned W 
and the Center of the Sphere. 'D 


seno. Plate II. Fig. 7. | 


'The ccngrating Ciaclags the Sphere B D 
hes the ſame Degree of Curvity with an 
Ellipfis paſſing through B,; by whoſe Ro- 
tation a Spberbia being made of a denſer 
— collect Rays in the 3 


Medium © 
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Medium arallel to the right Line A B, ex- 
actly at C: For we all know, that B G, 
the greater Axis of that Ellipſis, ought to 
be to EC, the Diſtarice of the Focz, as I 
to R. Suppofing then the ſame Conſtruc- 
tion with that at Sol. Prope IV. BG is 
to EC as K C to HC; that hö, as HC to 
CL ; that is, as KC4+HC to HC+CL, 
or to- HC+OK—TIRK; that is, as BC to 
BC—<half.the Tatur Rectum, belong 6 
to the Axis BG (for LK has, at Scho 
Prop. IV. been ſhewn equal to half the 
forementioned Latur Retium) But by the 
Conſtruction of this Prop. the Situation of 
the Point C is ſuch,” that B C is to AC as 
I to R; that i BG to EC: Therefore 
BC is to AC 088 B C to BCC half the 
Latus Refium, belonging to the greater 
Axts :; Wherefore A C is "equal to BC 
half the forementioned Larur R eftum ; 
and conſequently A B is Arp to half the 
Latus ' Reffam.. Wherefore the Circle 
B is. equally curve in B with the Elli. 
BKG (by Corol. 1. Prop. XX. Lib. 1. 
Vinc. Viotani de Maximis & Minimis.) 
Whenee it is, that a Sphere generated by 
the forementioned Circle performs in re- 
fracting very nearly the ſame thing which 
an oblon » Spheroid, generated by the Ro- 
tation of an Ellipſis, — exactly; name- 
ly, that Rays in a rarer ambient Medium, 


gane to the right Line BG, after Refrac- 
on tion 
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AA 
Point C. AY 199" 4 e 

by the Help 5 


Aſter the ſame manner, 
Scbul. Prop. VI. it may be ſhewn, — the 
Cirele B D is at the Vertex equally curve 
with an Zyperbola paſſing, through B, and 
generating a Conoid; which being of a 
rarer Medium, does 1⁰ reſtact Rays in a 
denſer ambient Medium parallel to the right 
Line AB, that they ſhall 2 diverge 
from the Point C: Or, which returns to 
te faut ching (by Prop. XII.) being of a 
denſer. Meg am, does ſo refract Rays in 
that ſume denſer Medium, parallel to the 
tige Lise A B, at their Entrance into the 
rater ambient Medium, that they ſhall af- 


terwards converge to the Point C. 3 
o{; Y A £4 $4” 's re 5 35 208 77 : 
EDS LOW > » 22 = r en 


* 1 
—_ 7 1 = my SE TT | 199. 


* BEER xv. Pole” X. 


＋. E Focus if Rays 3 ang. 
falling upon a given ſpherical Sur- 


© of different Denſity, to find the Focus 
of the ſame Nayr after Refrattion. Plate 
* Fig. 8,9, "ws 11, 12, 13, 14, 15. 


Let the ſpherical $ Surface be ex EPS) 
by the Circumference of its greateſt "Circle 
B D. Through the given Focus got the 

ter 
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Center of che Sphere draw the right Line 
EA meeting the Circumference in B; in 
which take the Point C ſuch, chat the Ra- 
tin compounded of the Ratio of E A to 
AC,” ind of CB to BE, may be equal to 
the Ratio of I to R. I fay O is the Focus 
re uired. Ke [ ut 1 —4 * 12 * 
"We ſhall make one Demonſtration ſerve 
for all the eight principal Caſes of this 
Prop. expreſſed by ſo many ſeveral Fi- 
gures; the ſour firſt of which, ſuppoſt I 

eater than N, the others le, and which 


Ager from one another, according as the 


given Focus is ſituated on this or that Side 
of the Focus of parallel Rays, or n 
as the refracting Surface is convex or on 
cave. ren bY $6. > Mir 
Let fall any Ray at pleaſure, E D pro- 
ceeding from E. Join 4D, DC; and 


through C draw a right Line parallel to 


AD, meeting the right Line ED in H. 
The Point D almoſt coinciding with B, 
CD and C, as likewiſe AD and EB, 
are almoſt equal. Wherefore the Ratio of 
Ito R is equal to the Ratio of E A to 
AC, and the Rario of CD to BD toge- 
ther; that is (becauſe of 4 D and C 


1 
” bs 
- 
\ 
* 
4 


. 


* 


parallel) to the Ratio of CD to E D; and 


the Ratio of ED to D H together, or to | 


the Ratio of CD to DH: But CD is to 
DH as the Sine of the Angle DHC, or 
its Complement to two right ones; 4 DH, 
3 l ps 


— 


„ BD, is eee 
DCH, or of the Angle 4DC, or in ſome 
Caſes its Complement to two right ones. 
Moreover, the Angle E DQ the Angle 
of Incidence of — Ray ED: "Therefore 


as 7 to R. ſe the Sine of the Angle of In- 


ciderice of che Ray E D to the Sing of the 


Angle 4 DC. Wherefore (by Prop. XI.) 


DC is the refracted Ray belonging to the 
incident one ED; and fince ED is taken 
at Pleaſure, tis plain the Focus of all the 
27 7 proceeding from. E ail be C. £ 

L che \ Media 


Glaſs, Cas, in the four. firſt Figures) the 
Fucus C will be very 75 found; namely; 
if the third part of the right Line E A be 


to 4 B, as E to 30. For trebling the 


Antecedents, EA is to AB (or AD) as 


;BCto BC (or DC): But EA is to 
4D, as the 22 ngle E DO to 
the Bine of the A; 

is to Y Cas thrice: e of the Angle 
E DOC (r HD O) o the Sine of the 


Angle DEA: Wbereſore the Sine of the 


Angle BDO is ttiple of the Sine of the 
. and gonſequently (in theſe 


the Angle 4 d. Therefore D (or 
De lying in the 0 Line with 15 


2310 


on 
= 4 = * 
-#* 
ö 1 
= . % 
* 4 * * 
. d — a” | 4 l 
as _ 4 " 
a” 2 Cf 


. Air wy | 
Glaß, and the Ray ed out of Air into 


and 3 EC 


which have the ſame 
Ralis with their Sides) x4 of the Sine of 
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is the refrated Ray of E D paſſing out of 
Air into Glaſs. 2 
When the Ray paſſes out of Glaſs into 
Air (as in the four laſt Figures) the Focus 
will be found from the ſame” Principles, 
by taking the Point C ſuch,” that half the 
72 Line E 4 may be to AB, as E & to 


Co cr. 1. 


From this Prop. and XII. and Corol: 1. 
Prop. XI. it will be eaſy, from the given 
Focus of Rays converging, and falling upon 
a ſphberical Surface of a Medium of diffe- 
tent Denſity, to find their Focus after Re- 
Rt W 


CoRO1. 2. vf 


Hence, from the Foci E and C, and 
the Vertex B being given, we may find 
A the Center of the Sphere, and thence 
the refracting Sphere it ſelf; by tak in 
the Point A ſuch, that EA may be to 4 C 
in a Ratio compounded of the Ratio s of 
B E to BC, and I to R Or, from the 
Fuci and Center being given may be found 
the Vertex. The like Problem ooncern- 
ing ſpherical - Speculu, may (by che 
Correſpondent Prop. iu Catoptrics) be 
ſolved with equal Eaſe, and more elegant 
al Geo- 


Oo IA___— a « as acS aA a 


„ Hs, © OP — a. coco __{ r . 64... 
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Geometrical Conſtructions from: "thence 
n | | 51 303 


Coon 3. mats W.1 


The Geometrical) Conſtrudion oft this 
Prob. X. is eaſily deduced from what has 
been premiſed, Plate II. Fig. 16. Every 
thing elſe: remaining as before, through 
and A draw the right Lines B '0, AN pa- 
rallel, meeting the right Line EN drawn 
from; E 28 you pleaſe in Fand N: Make 
A N-to AM, as I to R. Join the right 
Line NM, and produce it till it meets the 
Axis EA in C. This will be the Poens 

ired. MESS 
Jong. NM meeting che right Line 2 K 
in O; to this, through F, draw parallel 
the right Line F H, incerſeeting the Ep 
Line EA in H. 

For EA. EB: (EN. EF: EO. 
EH: ECE N. BH=SEB: 7 AC. 
2 H. & permutando E A. AC: EB. 
BH. Therefore CB. BE, +E A. 1 C. 
(CB. EB, EB. BH: BC: BH:: 
BO, EF. ANUVAM-: wb R. Whener 
CF the Thou require. 

This ſame Conſtructiom will ſerve (only 
changing the Order of the Points E, B, A, 
C Mand N) if R exceed q or if the Rays 
converge, or are parallel; in which Caſe 
it ein changed into that of Prob,” IX. 
LL 5 2 Or 
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Or if the Concavity of the refracting Sur- 
face look towards the Focus E, or. if BD 
be plane, in which Caſe it changes into 
that of Prob. VIII. For when the right 
Line AMN (divided as above) is infi- 
nitely: diſtant from BQ, the right Line 
FM will be the ſame in Poſition with a 
right Line pining the Point F with a Point 
dividing B E, after the ſame manner as 
AM is divided in N, ſuppoſing B E to be 
homologous to AM; becauſe the Tang ents 
of Angles are reciprocally as the Tangents 
of their Complements to a right Angle. 
Aſter the ſame manner, if of the four 
Points A, B, C, and E, any other three be 
given, Ex. gr. E, B, and C, the fourth A 
will be determined; that is, the ſpherical 
Surface paſſing through the given Point, 
and changing the Focus E into C, will be 
determined; & vice oe. 


I 
SCHOLIUM,. 


Since there is no Spheroid or Conoid ge- 
nerated by the Rotation of a conic Section 
round its Axis, and conſiſting of a Medium 
of different Denſity from the ambient Me- 
dium, which can exactly change a given 
Focus of Rays into another given one by 
Refraction at a ſingle Surface; it follows, 
that this Property of performing the Thing 
propoſed pretty nearly, does therefore - be- 

if) ; long 
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long to a ſpherical Surface; becauſe the 
greateſt Circle of that Sphere has the ſame 
Degree of Curvity with Cartes's Curve, 
(Lib. II. Geometric) by whoſe Rotation 
are made Surfaces, which, ſeparating Me- 
dia of different Denſity, anſwer the Pro- 
blem exactly. But if the Condition of that 
equicurve Circle, and of the given Focs 
lying on the ſame Side of the Center, be 
uch, that the Semidiameter of the Circle 
be a Middle proportional between the Di- 
ſtances of the Focs from the Center of the 
Circle; and one of theſe Diſtances be to 
the Semidiameter in a Ratio, "meaſuring 
the Refra&ion between the given Media, 
that Curve of Cartes is changed into the 
Circumference of a Circle. In this Situa- 
tion of the Focus a Sphere of given Denſity, 
generated by the Rotation of a Circle, will 
ſo refra& Rays proceeding from one of the 
Foci, that they ſhall all afterwards diverge 
preciſely from the other of them. 


1 T3 30 STINTE 346 14 


Pror. XVI. PRO B. XI. 
NE Focus F 4 gigen Lens being 
given, to find the other. 5 


A Lens is a tranſparent Body, of a dif- 
ferent: Denſity from the ambient Medium, 
| and 
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and terminated by two.-Surfaces, . either 
ſpherical, -or plane and ſpherical. A right 
Line perpendicular to both its Surfaces is 
called the Axis of the Lens. + The Points 
where the 4xis interſects - each; Surface are 
called the Fentices, either the Vertex of 
Incidence, or the Vertex of Emerſion, ac- 
cording as it lies in that Surface upon which 
the Rays firſt, fall, or out of which they 
again emerge. The Thickneſs is the D 
ſtance between the Fertices. 

The Terms b eing thus explained, * 
Focus required may, by means of a Caleu- 
lation (which in Practice is to be prefer- 
red to the niceſt Conſtructions) — 
upon the foregoing Propoſitions, be ealily; 
determined, and Canons (which, becauſe 
of their Difficulty to be remembered, are 
here omitted) eſtabliſned, by making the 
Calculation general. As if from the Focus 
before Incidence being given, it were re- 
quired to find the Focus aſter Emerſion: 
Firſt, the Focus of the Rays, after their 
Refraction at that Surface af the Leus up- 
on which they firſt fall, muſt be found; 
and this is done by Prop. XIII. if the Sur- 
face of the Lens be plane; but if it be 
ſpherical, and the Rays parallel, by Prop, 
XIV. and by Prop. XV. if they be divers 
ging or converging. And having thus got It 
the Focus of the Rays, after Refraction at 
* firſt Surface, that is, chile they are 


paſſin 5 
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paſſing through the'Zevs,” which is likewiſe 
called the Focus of Tranfd tion, after the 
{ame manner their Focus, after Refraction 
at the ſecond Surface of the Zens, or ra- 
ther at the Surface of the ambient Medium 
contiguous to this ſecond Surface, 'will be 
found; chat is, their Focus” after Enperſi on 
from the Tis. B. I. 

If there were more hay. one Lins, we 
muſt proceed after the ſame manner with 
every one of them. 

By the like Method, Fol the Bend 
made by the Help of one or, more given 
Lenſes being given, the Focus,” before In- 
cidence is found, or from the optieal Ma- 
chine, being given, the Diſtance of de O. 
ject 1 RO 4. 


% | * } » N ; 


"Corr. Drug ee 


If the Geometrical Conſttu&ion of this 
Problem be defired; it is caltly-deduced 
from Coro. 3. of the foregoing Prop. by 
aſſuming the Conſtruction there given for 
one Surface of a gy and repeating-it for 
the other, Fig. 17. For the right Lines 
EN, B F, AN, and FM, being drawn 
according to the Directions of that Corol. 
tis plain the right Line FMI will tend 
towards the Focus of Tranſition of thoſe 
Rays, whoſe Focus before Incidence was E. 


If chereſore this meets with the parallel 
right 
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right Lines, drawn through a, the Center 
of the hindmoſt Surface, and &, the FYertex 
of Emerſion, in u and f, and à u be taken 
to a m, as I to R at the Egreſs out of the 
Lens; (that is, as R to I at the Ingreſs 
into the Lens) the joined right Line m 
will meet the Axis BU in. e, the Focus. re- 

uired, after Refraction at both the Sur- 
fees a. of the Leus: For the right Line nf 
is in the ſame Condition, with reſpect to 
the Emerſion of the Rays from the Lens, 
in Which MF was with reſpect to their Im- 
merſion. 11 

In like manner, if of the ſix Points, A, 
B, E, a, 6, e, any other five be given, the 
fixth may be determined: For Example; 
From the two Foci, the Thickneſs of the 
Lens, and one Surface being given, the 
other Surface may be diſcovered, 

This is the Conſtruction which Barrow 
received from a Friend, and. placed, with- 
out any Demonſtration, at the End of L 


XIV. 


PRO P. XVII. TEO R. VL 


F 4 plane radiant Surface PIs out 
Rays upon any plane or ſpherical re- 
TE Surface, the Rays proceeding from 

every 
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teery Point. of the radiant Surfuce will, 
after Refrattion, hace their 'reſpefiive 
Foci cery utarly. in one and: the fame 
Plam, pat to Ta eee Plaus. 
Plate. II. Figans. - . . 
＋ Anigd 10 8 1 Ta 2251 {i 2 40 
Let afty: refracting Surface be: expreſſed 
7 B D whaſe Center is A, and a: plarie 
radians Surſate by the right Line E F. 
From A upon E F let fall the Parpendieu- 
lar AE meeting B D in B. Find C, the 
Fuctus of thoſe Rays after Refraction, whoſe 
Fus before Indidence was E; through 
which draw the Plane CT. . to _ 
Plans EE I ſay, the Forz of Rays pr 
ceeding from every! Point of the Plane EF 
(or tho Principal Image of the Plane) E F, 
which is made up of the Images of every 
one of thoſe Points, with reſpect to aii Eye 
placed in the Axis of Radiation: For we 
take no Notice here of the ſecondary Image 
ſeen by an Eye in any given Situation; 
which Barrow has conſidered in his three 
laſt Lett.) will all be poſited very nearly 
in the Plane CT. From the Point F, 
taken at Pleaſure in the radiant Plane; to 
the Center A, draw the right Line F A, 
meeting the refracting Surface at D, 
and the Plane CT in T. D C will be 
the refracted Ray of the Incident ED; 
and fuppoſe the — Ray of me luci- 
deut FB to be BH, een the riglit 
L 


Line 
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Line DT in H. Becauſchthe Angle EAF 


is ſuppoſed but ſmall; the Arch E D is to 
be looked upon as a right Line; and a 
Cirsle deſcribed an the Diameter B. F will 
paſs through the Points D and E, becauſt 
of the Angles B EF, BDF being right. 
Whence the Angles E B F, DBF (namely 
the Angles of , Incidence of the Rays F B 
and E 50 contained in the ſame: 
are equal; and conſequently the Angles 
- of Refraction, A BH, ADC, will alſo be 
equal; Therefore, by reaſon of che An- 
gles at A equal, the Triangles B A H, 
DAC are equiangular; and B A is to 
AH, as DA to AC; and ſince B A is 
equab to D A, A H will be likewiſe: * 
to A C: But becauſe the Angle EA F, 
TAC, is very ſmall, A T is very nicatly 
equal to AC; and therefore AH, AT 
may be looked upbn as equal; tliat is, 
the Fhour of the raliant Point P is ſituated 
very nearly in the Plane CT. And ſince 
F is taken any how, the ſame will hold 
true of all the Points: of the Plane EF; 
namely, that their Focz. will be in the Plane 
F. Which is demonſtrated after the 
ſame manner in any other * whatever. 
YE. een 3 5590 
„ | dene. 22 
Hence it bollows, that the Ja of 
the radiant Plane E F, to which the . 
earl 1 0 


©- 
Len as 


F 
The Elements of -Diodpcrics, $5 
of the Leut is perpendicular, is alſo a Plane 
parallel to the former Plane: . For the 
Image conſtituted in the Plane C 4 
be conſidered as a plane Surface ſending 
out Rays upon the ſecond Surface of. the 
Let. Bur if che Angle EA F be too 
great, ſo as that A Tiſhall much exceed 
AC, and cal by no means be ook ed upon 
as equal to it; in that! Caſe tis eaſy, after 
the manner of Corol. Prop. VIII. to deter- 
mine whether the Image of the Plane EF 
will be convex or concave?: For Example; 
It will be concave towards A, if B Dy the 
reſracting Sur face, be of a denſer Medinm, 
and convex, or of a nay Bledjum,- and 
cohcave Gelee vera. 90 


1 — by A - 
J *1 1 18717 " 4 + +4 { 2 * ö 8 — ( VS 


| v5 


ses XVIII. Twzon. vil.” v1 


* E Trage appedrs "from Hit Vertes 

of Emerfion under an. Jngle. 0 70 

Nc ales which the 2 ject, appears fron 
MN VS of, AER + "Via II. Fi 1g. 1 9. 


I Tet. G B dhe rt of the ae be 8 
ph ed) produced, and, landing perpendicur 

rly on the. open Hang, F. ay 1 
which (by Chrol. of the faregoing Pp.) is 
alſo perpendicular to l fCh. Join 


L 2 the 


a. 


Fd 
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the i tight Lines B F, BH, G., GG. ] 
fay, the Angles F B H, 7a are equal. 
Qut: of the innumerable Rays ing 
from the Point F, and after Refraction at 
the Lens, again united at „, the Image of 
this Point, chooſe two, one of which, FB 
inects-the Zens at the Vertex of lacidence 
B, nand being there refracted, tends to ., 
the Pacnus of Tranſition of thar Point; and 
being again refracted at L, is directed to- 
Wards f: The other; FP D;1 being firſt re- 
fratted in D, tends Hiraight on to o, till it 
emerges out of che Lens at the Ferter of 
Emerſion; where being again eb it 
proceeds towards | 

DGB is the Angle of Incidence: * the 
Ray DG, and C Gf its Angle of Refrac- 
tion; and LBG is the Angle of Incidence 
of the Ray LB, which (by Core/, 1. T heor. 
IV.) would. be refracted into B F, and 
55 is its Angle of Refraction. Becauſe 

5 je right Tice eB, G (BG, the Thick- 

es of the Lens, being neglected) becqme 

91 val,” the Sines of the Angles DGB, 

7M Which are proportional to theſe, 
0 conſequently the Angles themſelyes, 

GB, LBG, and therefore their Angles 
of Reaction likewiſe CG f. EBF, will 
be equal. Aster the ſame manner C Gb, 
EBH are 8570 ual; therefore the An- 
add F B a, are equal: "Which is 


 ſhewn 
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ſnewn after the fame manner in any other 
Caſe Nr 5 2 E. D. 


1 2 2* 


Cox ot. „ Fhngy 1 4 
"Hehe "It Bites, that a W Line is 
to its Imag "wade by a Lens, as the Di- 
AG of that from the Vertex of Incidence, 
to the Diſtance of this from the Perrex of 
Emerſion, or (the Thickneſs of the Lens 
being 1 as their Diſtances from the 
Tons.” if che Radiant be a Surface, 
their homologous Lines will ſtill remain in 
the ſame Proportion; but the Radiant will 
be to its Image it a duplicate Proportion of 
thoſe Diſtatices.” Whbence it will be 
to Ch the Proportion which the / 
(which is immediately ſeen by the 


RV S 


| 7 ff an Object, made by'the NMediatien 


ow; or mofe Lenſes, bears to the Objekt 


een this Prop i Fallokys likewiſe, that 
a radiant Lite and its Image are cut in the 


fume Ws by the Axis 5 the Lens 


ot 


WY 
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PRO. 2 PRO B. . 


HE Poſition of i Radiant in the 
Axis of the Lens being given, 70. de- 
formine its Image made_by a given Len 

with reſpę a 70. an Eye Placed. m the Axis 
rhe Taps e II. Fig, — : 


"6s PCaD 'h "the Len . in 
whoſe . CD, produced, at, Pleafura, 
ſuppoſe the RET to be. p laced, to, the 
extreme Points of which the right Lines 
CE, CF do tend. Let b,be the Focus of 
Rays procęeding from that Point of the 
Radiant which lies. in the 4x7s, after NG) 
fraction at both the. Surfaces of the 
found; by Prop. XVI. Through hich 
draw the Plane 207. to which.C CD. is per- 
pendicular. Then through D the ri b 
Lines Dh, De being drawn parallel to. 
and tis plain (from the two — — 
Prop. — is the Image of: that Point at 
which the right Line C F is directed, an 
e is the Image of that to which C E is di- 
rected. From whence it is manifeſt, that 
the Image fbe will be ſeen by an Eye 
placed any where in C D produced beyond 
, and receiving the Rays from the reſpec- 
tive Points of the Image diverging, 

But 
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But it is to be obſerved, 'thatrevery Port 
of rhe Image f b e does not, like the primary 
Radiant; fend forth Rays every way; an 
into all Parts; but the Rays of each Point 
conſtitute a Cone oppoſed at ibe Vertex 10 
that Cont) which has the forementioned 
Point for ita Vertex, aud tb Lens that 
refratts the Rays fon iti Baſec Wbence, 
from the Sikudtn of the Eye, and the Dia- 
meter of its Pupil being given, it will pre- 
ſently be known zv hethet the Eye will re- 
ceive the Rays of any given Point; chat is, 
whether it will ſee that Point. }/AicÞ Cons 
fideration-muft' always take place likewiſe 
in Viſion of Images made by a Speculum. 

For Example; If the Radiant be vaſtly 
difant; and the Surface PC plane, 
PDQ convex; and the Lens made of Glaſs 
with Air all around it, D will (by Co- 
rol. 3. Prop. XIV.) be equal to the Dia- 
meter of the Sphere PD Q: For the Rays 
being parallel to B C, paſs untreftaQcd 
through the plane Surface PC Q, upon 
which they fall perpendicularly; and the 
Image in reſpect to the Radiant is in- 
verted. _ 

But if PC Qbe convex, and PD Q plate; 
Ch will (by Coral. 1. Prop. XIII. and 
Corol. 1. Prop. XIV.) be equal to the Dia- 
meter of the Sphere P CQ, together with 
a third part of C D, the Thickne of the 


Lens. And neglecting the Thickneſs 4 
| the 
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the Lens, as is uſually done in the object 
Lens of a Teleſcope, he Diſtance. of the 
Image of 2 vaſtly diſtant Radiant; from a 
Plano-convex Lexs, is _—_ to the Diame- 
ter.of the Sphere. | 

If the Plano»convex * PQ were of 
Water, P would, by Pp. XIV. be ſel- 
quialteral of the Diameter. 

If the Lens PQ be of Glaſs, nd bach 
its Surfaces equally convex, the:'Fhicknefs 
being neglected, D will (by Corol. 1. 
Prop. XIV. and Prop. XV.) be equal to 
the Semidiamerer of either Sphere. In an 
entire Sphere of Glaſs, the Image of a 

diſtant * will be at the Diſtance bf 
1 Quarter of the Diameter behind the 
Sphere ; for in this Caſe? the Thicknefs 
of the Lens cannot be neglected: In or 
of Water this Diſtance Wien the Semidlia- 
meter. 

In all theſe and che 7 Cutts, if = 
Sun be that diſtant Radiant; and the Lens 
be notably broader than the Image of the 
Sun, in the Place of tbe Image a Burn- 
ing will be excited; and that more vehe- 
ment than from a concave Speculum, if 
the Image of the Sun be equally diſtant 
from a Lens and Speculum equally broad, 
becauſe of the greater Lofs of Rays * 

this than at that. If a lucid Body be 
in the forementioned Place, the Image o 1 

W be caſt at a very great Diſtance, = 
I 
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will enlighten thoſe Parts that are yaſtly 
remote. 

If che Radiant be not vaſtly diſtant as 
before, but yet more remote from the Lens, 
than the plac: of the Image of a vaſtly di. 
ſtant Radiant; beſides the Appearances juſt 

explained, namely, that the Image will be 
inverted, G. if the Radiant approaches 
towards the Lens, the Image will recede, 
and vice verſa ; till the Ragiant comes to 
the Place of the Image of a very diſtant 
Radiant, and then its Image will become 
vaſtly diſtant. All which may be ſeen in 
a darkened: Chamber, receiving no Light 
but through a convex Lens, upon which 
Radiants at different Diſtances caſt their 
Rays. The Place of the Image of any Ra- 
diant is known, by its being painted moſt 
diſtinctly upon a white unpoliſhed Plane, 
fuated in the Chamber. Nor is there 
need of ſubjoining any thing more of this 
Experiment, Which is now very common; 
or of that other, founded upon the ſame 
optical Principles, in which, by the pellu- 
cid Colours o a Picture painted upon Glaſs, 
and tranſmitting the cloks Rays of a Flame, 

an Image- is ſhewn painted be a white 
unpoliſhed Plane. Fu 

If the Radiant be nearer the convex Lens 
than the Image of a vaſtly diſtant Radiant, 
then its Image will be formed not on the 

M oppoſe, 
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oppoſite, but on the ſame Side of the Lens, 
and its Place according to what has -gone 
before, from the Place of the Radiant being 
given will be determined. This Image is 
alwas erect, and greater than the Radiant 
And as the Radiant approaches to the Lens, 
the Image likewiſe approaches to it ; and 
in like manner they both recede from it 
at the ſame time, but the Image more 
ſwiftly. . _... 4c, pe 
Hig. 21. If the convex Lens were changed 
into a concave one, the ſame ' Conſtruction 
remains ; and by a Calculation (according 
to the Cirollaries of Prop. XIV.) e bf, 
the Image of a very diſtant Radiant, made 
by a Plano-concave Lens PQ, will be 
found ere, and on the ſame Side of D 
with the: Radiant, and diſtant from it by 
the Diameter of the Sphere PDQ, Now 
if the Surface PCQ be alſo ſpherical, and 
the Radiant from being diftant becomes 
near, its Image will be determined by the 
fame Conſtruction, if by Prop. XV. the 
Image of the radiant Point placed in the 
Axis of the Lens be firſt found. In which 
Caſe, beſides what has been juſt now faid, 
It is alſo to be obſerved, that the Image 
approaches to, or recedes from, the Lens 


at the ſame time as the Radiant does, but 


more {lowly ; as will be plain to any one 
who will give himſelf the Trouble of a Cal- 
culation, 


Let 
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Let the Rays of any Radiant, inflected 
after ſuch a manner as to be ready to form 
the Image ef if nothing hindered, be con- 
ceived to be intercepted by a Plano-con- 
cave Leys PQ; upon whoſe concave Sur- 
face P DQ, deſcribed on a Diameter equal 
to the right Line D5, they firſt fall: The 
ſame Conſtruction as before determines the 
Image made after. the Refration of theſe 
Rays at the forementioned Lens: For (by 
Corol. 4. Prop. XV.) the Rays converging 
towards 5 are ſo refracted from the concave 
Glaſs, as to become parallel to the Axis, 
that is, they conſtitute a vaſtly diſtant 
Image; to whoſe extreme Points (by the 
foregoing TÞeor.)' the right Lines E C, 
FC, ore, f D, are directed, and which 
is conſequently given in Poſition. And 
in this'Cafe the chief Thing to be obſerved 
is, that, to an Eye placed about B, the 
diſtant Image appears inverted, in reſpect 
to the Image that would have been made 
at e, without the Intervention of the 
Lens. It will be eaſy to proceed in all 
other Caſes, according to theſe Examples. 


2. E. F. 


Wa fs 


NX 2 PRO. 
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pop. 5 Ros. X11, 


O find ſuch a Poſition of FY R adiant 

with reſpett to a given Lens, that 

rhe Image made by the Lens muy be equal 

to a given Figure, which is fimilar to the 

Radiant: Or, which is the ſame thing, 

that the R adium may be to its Image 

made by the Lens in à given Proportion. 
Plate II. Fig. 22. 91 9 


Let a Lens of Glaſs be given ; for Ex- 
ample; Let A B be the Semidiameter of the 
firſt Surface, and CB the Semidiameter of 
the ſecond Surface. Draw CM at Plea- 
ſure, making any Angle with CA. Let 
the Proportion of MD to D C be given; 
namely, that which the homologous Lines 
of the Radiant. and its Image bear to one 
another. Join A M; to which through B 

raw. B E parallel, meeting the right Line 

Min E; ME taken twice will be the 
ſought Diſtance of the Radiant from the 
Lens. If Dm be taken in the ſame right 
Line, but on the other Side of the Point 
D, equal to the right Line DM, and you 
join Am; Be, drawn parallel to this, will 
cut off another . ex Which will likewiſe 

f 


/ 
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ſatisfy the Problem: For the Radiant pla- 
ced at the Diſtance of twice me from the 
Lens, is to its Image (but then it will be 
made on the contrary Side of the Lens with 
reſpec. to the former Image) as D M to 
D.C. 

| By Corol. Prop XVIII. the 1 e 
Line is to its Image madge by a Lens, as 
their Diſtances from the Lens : But 
if twice ME, or twice me, be the Di- 
ſtance of the radiant Point from the 
Lens, the Diſtance of the Image of that 
Point from the Lens, will be to the for- 
mer Diſtance reſpectively, as MD. 
DC; as will be plain to any one, who x, 
will undertake a Calculation according to' 
Prop. XV. For if AB be called a, BC 
b, the Thickneſs of the Zens C, MD, 
and S the ſought Diſtance of the Radiant 
from the Lens of Glaſs about which Air 
is circumfuled ; we ſhall have 25 = 


'-; 4,0 < 


GUS 6 2062 +6ar2x2eratgacr 


3424 — 6 Þ 3'b | 
10 U the Thickneſs of the Lens be * 
(which is done in the Conſtruction of the 
Problem) the ſought Diſtance of the 
Radiant from the Lens WAP: de equal to 
aer, a b 


— — , 


CES 


In 
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In the Scheme referred to the Lens is 

made convex on both Sides; but the ſame 
Conſtruction will ſerve for any Lens, ſince 
from the Vatiety-of Lenfes only the Order 
of the Points A, B, and C is changed. An- 
other Conſtruction of this Problem is ; calily 
deduced e 80 XVI. 


— —_—— Sh —_— a. 0 > 
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Ib tzwo given et Lenſes or 
+ Specula,. or one Lens and one Spe- 
culum, to 3 an optical Machine, which, 
70 4052 6 ſering at a giuen Diſtauce, ſhall 
y repreſent & given near Object un- 

ag: en Angle, the Diſtance of the Eye 
1 laſt — or . being . 


wiſe aſſigned. 


Since the Eye is a Machine made on pur- 

oſe, that the Images of exterior Radiants 
may be diſtin&tly painted-upon its Bottom 
(which is made concave for this End, as 
Corol. Theor. VI. requires) all the reſt of 
its Apparatus conducing only to its _ 
tion or Security, which are neceſſary 
provided for; it is plain, that a given 78 
can only ſee diſtinctiy at a given Diſtance 


from the Object. Now if che Eye could place 
it 


71 
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it ſelf at Pleaſure, at ſuch a Diſtanct from 
any Object as is neceſlary to diſtinct Viſon; 
(all other things, as the Degree of Light, 
Oc. being as they ſhould be) Viſion would 
always be diſtinct. And though there bo 
no Eye fo ſtiff, as to ſee only at à deter : 
minate Diſtance, but can, according to the 
Flexibility or Mobility of the Parts with 
which every Eye is endued, apply it ſelf 
to Objects placed at different Diſtances, and 
change its Figure acoording to the Diſtance 
given; ſo as to be no longer looked upon 
as the ſame given Eye, but various and 
mutable, as Occaſion requires: Yet, ſince 
this Mobility is confined within certain Li- 
mits, and there are a great many Objects 
to Which we cannot at Pleaſure come near 
enough to be within thoſe Limits; tis 
plain, thete will be need of an optical Ma- 
chine to ſee them diſtinctly. But any ſphe- 
rical Leus or Speculum will be ſufficient for 
this Purpoſe; ſince by its Aſſiſtance the 
Image of any Radiant (to which we cannot 
come ſo near as we would) may be brought 
near us (as is plain from what has been be- 
fore demonſtrated) and then we ſhall be 
able to view it, ſince the Eye is ſuppoſed 
moveable at Pleaſure with reſpe& to any 
thing near. 2:14.20 
But becauſe, beſides diſtinct Viſion, our 
Occaſions ſometimes require us to look into 


the more minute Parts of an Object, and 
it 
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it is found by Experiment, that an Ob- 
je& ſeen under a leſs Angle than of one 
Minute, is conſidered by the Obſerver as 
a Point, and its Parts not at all to be diſ- 
tinguiſhed one from another : It often hap- 
that when the Object is brought 
nearer the Eye, that the Particles to be 
obſerved may be ſeen under a ſenſible An- 
gle, and greater than the forementioned 
one, the Object itſelf becomes too near the 
Eye, and is out of the Limits required 
for diſtinct Viſion. This Inconveniency, 
if it be the only one, may be remedied by 
the Aſſiſtance of any given Zens. or Spe- 
culum, by Prop. X. or XX. where the 


Image of an Object made by a given Se- 


culum or Lens! is repreſented i in any hn 
1 1 Stoff 


But if both the d Iacorvls | 


niencies urge at the ſame time, they are 
not to be removed without the Help of two 
Lenſes. or Specula, or one Lens and Specu- 
lum. Having ſhewn therefore what Aſſiſt- 
ance the Sight may receive from a ſingle 
given Lens or Speculum, we ſhall proceed 
to Machines made by two combined toge- 
ther; or to conſtruct the Problem propo ed 
univerſally. Plate II. Fig. 23, 14. 
Let R be the given Object, S the given 
Angle in which it is to be repreſented, D 
the given Diſtance requiſite to diſtinct Vi- 
Ws, and Lithe given Diſtance of the Eye 


from 


a rs was £2 ia .:.. . ac oo oc a -- 
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from the Lens. Make the Triangle AO B, 
in which the Angle at the Yertex O is 
equal to the given S, and O E perpendi- 
cular from the Verte upon the Baſes 
ual to the given D. If we take the 
dle Point of the Object placed in 
the Axis of the Lens or Speculum, which 
in Practice is very convenient, the Trian- 
gle AO B muſt be made Iſoſceles. Take 
OV equal to L. At V place either of the 
Lenſes or Specula, having its Axis in the 
right Line O E. | | 
| By Prop. VI. or XVI. having one Focus 
E of a Lens or Speculum given, find the 
other ; that is, that the Rays whoſe Fo- 
cus before Incidence is e, may have E for 
their Focus after Inflexion at the Lens or 
Seculum. Through e draw the right Line 
ae h parallel to the right Line A E B, 
meeting the right Lines V a, VI, drawn 
through V parallel to the right Lines VA, 
VB, in à and b. | Y 
"Tis plain, from Prop. IX. or XIX. that 
if aeh be the Radiant, AEB will be its 
Image: Wherefore if the given near Ob- 
ject R, and another Lens or Speculum, be 
placed after ſuch a manner (by Prop. X. 
or XX.) that the Image of the Object R 
made by this Lens or Speculum, may ob- 
tain the Situation and Magnitude 46 ; 
the Microſcope required is made: For 


aeb is the Image of the Object R, the 
N Image 
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Image of which Image, ſeen by. the Bye 
placed in O, is A EB. Now this ap 
under the Angle AO B equal to the given 
S, and at the Diſtance O E equal to — 
given D, and conſequently Aline; 'u 

the Diſtance of the Eye from the laſt Eat 
or & 1 is equal to che RO 
If the given Eye be an old Man' 85 every 
thing elſe remaining as before, the right 
Line O E becomes infinite, and the Pointe 
is found by Prop. III. or NIV. 
I the Objes propoſed were vaſtly di 
ſtant, the Problem would be impoſſible, 
But if the Angle S were not given, a Te- 
leſcope from the remaining Dara might 
thus be made. In the» right Line given in 
Poſition, tending towards the propoſed di- 
ſtant Object, ſtraight forward from O, 
take OE, OV, equal to D and L: And in 
V place one of the Lenſes or Specula, hav- 
ing its Axis in VE. By Prop. VI. or XVI. 
one Focus E of the 2 V being given, 
find the other e; which being ſuppoſed the 
Focus of Rays before Inflexion at V, E 
may be their Focus after Inflexion. In * 
right Line O E let the other Lens or 
culum, having its Axis in the ſame, be fo 
placed, that the Image of the diſtant Ob- 
jet made by it may be ſituated in the 
right Line ae þ perpendicular to O E, and 


the Teleſcope required is made, For br 
r 
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firſt, Image of the diſant Object is in 
arch: And the Image of this Image is, 
by Conftrugjon, in AEB, whoſe Diſtance 
from O is equal to the right Line O E or 
the 7 * B, and 3 diſtinctly 

and the Diſtance of the Eye from 
r the given L. But a diſtant 
Obieck being given, by Prop. XIX. its 
Image made by a given Lens or HPecu- 
lun, and likewiſe the Image of that lms 
made by the given V will be giv IG 
conſequently the Angle under < ich, this 
laſt is ſeen by the Eye in a given Poli- 
tion. 

But if O be an eld Man's E e, the An- 
gle AO B, becauſe of AB being in this 
Caſe:vaſtlydiltant, is equal to AVB, or 
aV 6; Therefore the Angles under which 
a diſtant Object with and without a Machine 
appears, are as the Diſtances of the Lenſes 
or Specula from the common Focus 6 
For ſmall Angles are . as their 9 


tan les 


| -SexoLtv Ms ; 


It will be very convenient that the Lens 
or Speculum, which immediately receives 
the Rays of the Object, and forms its firſt 
ge Nan is therefore called the ObjetZ. 
Glaſs) be as perfect as poſſible: For the 


Errors/or Defects of this Lens or Speculum 
| N 2 affect 
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affect the Image made by it. And ſines 
this Image acts the Part of an Object, to be 
ſeen through the Speculum or Lens V, 
(which is neareſt the Eye, and therefore 
called the Ocular Glaſs) 'its-Dete&s, that 
is, the Defects or Errors of the Object Glaſs 
by which it is formed will be greater and 
more ſenſible, by how much the Image 
AEB is greater than @e#; that is, by how 
much more perfect (the Object Glaſs re- 
maining the ſame) the Machine is made. 
But the Errors of the Ocular Lens or Spe- 
culum V, are equally ſenſible, whatſoever 
be the Image a eb, or the Object Lens or 
Speculum by which it is produced; that is, 
the Ocular Glaſs V remaining the ſame, its 
Defects are equally apparent and diſcove- 
rable, to whatſoever Degree of Perfection 
the Machine, by changing the Obje& Lens 
or Speculum, which forms the Image a eb, 
be brought: For the Eye being given, the 
given Ocular Leut or Speculum V is always 
at the ſame Diſtance from the Image à eh, 
doing the Office of an Object and its Image 
AEB, and confequently ſhews the ſame 
Detects, 


— 


PROP, 
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p XXIL Pro, XV, | 


Bb three or more given -ſoberical 
- Lenſes or Specula, zo . a Ma- 
| — robich ro a given Eye ſhall diftinitly 
ſe ur a ere diftant 2 under a 
gien Angle, the Diftance of t 

N late or Se being 


By the ks of any one of os: ziven 
Lenſes or Specula from the Image of the 
diſtant Object, and with the two others, 
by the foregoing Prop. make a Microſcope 
that ſhall repreſent it in the Conditions 
-” "B -and' the Teleſcope Tequired is 


In like manner with theſe Lenſes or Spe- 
cula may a Microſcope be made; and then 
by adding a fourth, another Teleſcope ; 
In all which we have the: Proportion which 
the Image ſeen by the Eye bears to the Ob- 
ject, or which the Angle under which that 
is ſeen, bears to the Angle under which 
this is ſeen without the Machine : And 
conſequently the Powers of a Machine in 
promoting Viſion, are, by Corol. INS IX. 

and XVIII. eaſily eſtimated. | 


Pxoe, 
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PRO P. XXIII. PRO B. XVI. 


ee, Pla III. Fig. 1. 


We have hitherto ſhewn- what A ſſiſt ance 
may be had from given Lenſes or Specula, 
or both, howſoever combined, in order to 
ſupply the Deſects of Viſion; ic remains, 
that we demonſtrate the Manner of making 
a Lens for given Uſes. not 
The radiant Line A B, whoſe Diſtance 
from the Lens is VE, is to be repreſented 
diſtinctly under the viſual Angle @ O , 
to an Eye ſecing diſtinctly at the Diſtance 
Oe, In the Iſolceles Triangle 4 Ob (whoſe 
Baſe is a h, and Height O) upon the Per- 

dicular Oe (fo ſituated as to biſe& the 
radiant Line AB cularly in E) 
take O L equal to the given Diſtance of 
the Eye from the Lens. Draw a L, 5 L, 
and produce them to D and F. Make 
LV equal to the given Thickneſs of the 


Lens. From the right Line VL, given 
in 


* 
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in Poſition, perpendicular to the Glaſs at 
the Points of Incidence, draw the refracted 
Rays in Glas V., Vs, L H, L G corre- 
ſponding to thoſe in Air A V, B V, D L, 
FL. Produce the right Lines H L, G L, 
till they meet with the right Lines Va, 
Vain g and a. The right Line a 8 join d. 
will cut che Perpendieular O dicu- 
larly in «, becauſe both the Angles of Inci- 
dence and of Refraction, on each ſide of 
the right Line O e are equal. From the 
Fyci E and, and the Vertex 'V being 
given, find (by Coral. 2. Prop. XV.) the 
Sphere of Glaſs K V M that may retract the 
Rays in Air diverging from E, ſo as to 
make them conyerge towards . By the 
forementioned Cyril. find alſo NLP, the 
Surface of a Sphere of Air paſſing through 
IL, that may refract the Rays in Glaſs oon- 
verging towards their Forts e, fo as to make 
them afterwards diverge from e The ſo- 
lid Figure MK NP, being made of Glaſs, 
and terminated by the ſpherical Surfaces 
KVM, NLP, and a conic Surface whoſe 
Axis is V E, is the Zens required, But 
Care muſt be taken, that the Portions V-K; 
LN be not too great; becauſe all the 
preceding Demonſtrations hold only true -of 
Rays falling near the Vertex. 0 

By Conſtruction, the Rays diverging 
from E do, aſter Keltasbon at the firſt 
Surface 


104 The Elements of Dioptrics.” 
Surface K VM, converge to the Focns :. 
Wherefore (by Prop. XVII.) the Image 
of the ' radiant right Line A B (made by 
Refraction at K VM) is in the right Line 
48 given in Poſition : But the Ray AV, by 
Conſtruction; after it is refracted at the 
Surface KV M comes to the Point « ; there- 
fore that Point « is the Image of the Point 
A, which is produced by the firſt Surface 
only. In like manner s is the Image of 
the Point B; and the right Line «+8 is the 
Image of the radiant right Line A E B. 
Moreover (by Conſtruction ) the Rays 
within the Lens that converge towards «, 
after they are refracted at the Surface 
NLP, diverge from e; wherefore (by 
Prop. XVII.) the Image of the future 
Image 48, made by RefraRtion at the Sur- 
face NLP, is jn the right Line @e b : But 
the Ray GL within the Lens, proceeding 
directly towards a, after it is refracted, 
becomes L F, and proceeds from a; whence 
the Image of the future Image in 4, after 
Refraction at NLP, becomes 4 : And fo 
likewiſe the Rays within the Lens that 
converge towards pg, after Refraction at 
NLP, diverge from ö; that is, aeb is the 
Image of the Radiant AEB, placed at a 
given Diſtance V E from the Lens, made 
by the Leys NK MP, and to be ſeen di- 
ſtinctly by a given Eye in O; becauſe it is 
| at 
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at the required Diſtance Oe from the Eye, 
and is alſo ſeen under the given Angle aOb 
by the Eye O, which is at the. given Di- 
ſtance O L from the Lens, and VL is the 
given Thickneſs of the Lens, O, E. F. 

The fame Conſtruction ſerves, if the 
Eye of an old Man be given: For in that 
Caſe aeb is at an infinite Diſtance, and 
the former right Lines aL, 6 L muſt be 
drawn through L parallel to the right Lines 
Oa, Ob given in Poſition, and the Center 
of the Surface NLP (by Corol. 6. Prop. 
XIV.) is diſtant from L by a third part of 
the right Line Le. 

But if the Obje& propoſed be a, diſtant 
one, the Conſtruction will become much 
more ſimple: For the Center of the firſt 
Surface K VM (by Corel. 1. Prop. XIV.) 
will be diſtant from the Ferteæ V by a 
third part of the right Line Ve. 
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. 


To make a concave ſpherical Specu- 

lum of Glaſs, wheſe Thickneſs aud 

Diameter of Concavity are given, ſo that 

the Rays parallel is its Axis, reflected 

from both its Surfaces, ſhall be collected 
* 


in 
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in the ſame Point of its Axis. Plate III. 
Fig. 2. 


Becauſe it is found by Experience, that 
Spernla made of Metals neither receive 
a due Figure and Poliſhing ſo eaſily, nor 

reſerve it ſo Jong, it will be convenient 
to uſe thoſe of Glaſs. Let B then be the 
Fertex of the concave Glaſs Surface E BF, 
A its Center, and BD the Thickneſs of 
the Lens, be given; we are to find DC 
the Semidiameter of the Surface G D H, 
ſo that the Rays parallel to A B, and 
falling upon the concave Speculum, as 
well thoſe that are reflected from the Sur- 
face E BF, as thoſe that are twice re- 
fracted at the forementioned Surface E B F 
at their Entrance into it and Emerſion out 
of it, but reflected from the concave Sur- 
face GDH, may all meet in the ſame Point 
of the Axis AB: Or, which is the ſame 
thing, a Speculum of Glaſs is to be made 
after ſuch a manner, that the two Images 
of a diſtant Object, made by the two Sur- 
faces of the Speculum, may coincide, and 
conſequently ſo as to be moſt powerful in 
burning, or in forming the Images of diſtant 
Objects. Plate III. Fig. 3. 
From any Point L of the infinite right 


Line S M, on one Side take L N equal to 
. BD, 
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B D, and on the other Side L R cqual 
to twice BD; from N likewiſe directly 
forward take N'T equal to thrice A B, 
and T V equal to twice NT, and VM 
alſo equal to twice RL. On the Center 
R, with the Radius RT, deſcribe a 
Circle meeting the Perpendicular erected 
at L in K. Jon MK; and at K ere& 
the Perpendicular K S meeting the infinite 
right Line firſt drawn, in S, Fig. 2. In 
the right Line DA, from D towards A, 
take D C equal to the right Line LS; 
and On the Center C with the Radius 
CD deſcribe an Arch of a Circle DG, 
ſimilar to the Arch B E deſcribed on the 
Center A, and join EG. The ſolid Fi- 
gure, generated by the Rotation of the 
plane Figure B DG E about the fixed right 
Line B D, and conſiſting of Glaſs, is the 
Heculum required. O, E. F. 
Fig. 4. But if A B be ſufficiently large 
in reſpect to the Thickneſs B D, the 
Problem will admit of this more expe- 


ditious Conſtruction. Divide B D in O, 


ſo that the greateſt Segment BO may be 
to the lefler O D, as 5 to 4. Produce 
BA to C, fo that C A may be equal to 
OD; and C will be very nearly the 
Center of the outward Surface G DH. 


2. E. IJ. 
O 2 We 
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We ſhall omit the Demonſtration of 
theſe two Conſtructions; becauſe it is very 
eaſily deduced from the following analy- 
tical Calculation founded upon Prop. V. 
XIV. and XV. For if AB=4, and BD 
Sc, We ſhall have DC=gaa+18acts5cc, 


9a+50 
In like manner may a Speculum be made, 
if the Radiant be in any other Poſition. 


I had determined to have ſubjoined a 
general Calculation for finding the Foci 
of any Speculum or Lens univerſally : But 
that is abundantly done already for Lenſes 
by that excellent Analyſt EDM. HALLE X, 
in the Philoſophical Tranſattions for No- 
vember, 1693, and elegantly applied to 
particular Caſes. je 


S Cc H. o LIV M. 


Hitherto we have ſhewn what Advan- 
tages may be expected from ſpherical 
Lenſes or Specula, towards the Conſtruc- 
tion of Machines: But the different Re- 
frangibility of the Rays of Light, and 
that in given Rays given, _ 
and annexed to certain Colours, diſco- 
vered by that admirable Philoſopher Sir 

IsAAC 


es ta fad wounds Wd & . «> VO wm 
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ISAac NEWTON, has ſo much diſ- 
turbed our Dioptrical Reaſonings, that 
no ExaGtneſs can now be hoped for from 
Lenſes, even though formed into what co- 
noidical Figures we pleaſe. But ſince the 
Law of Catoptrics concerning the Equa- 
lity of the Angles of Incidence and Re- 
flexion, is preſerved inviolable in Rays, 
however heterogeneous, as the ſame Great 
Man obſerves ; it is better to uſe a Secu 
lum inſtead of the Object Lens, which 
forming the Image of a diſtant Object at 
a conſiderable Diſtance, diſcovers the Er- 
rors that ariſe from the different Refran- 
gibility of Rays ſenſible enough, and not 
at all to be diſſembled,* if the Rays fall- 
ing obliquely be admitted by an Aperture 
ſufficiently large, which is very often ne- 
ceſſary : But in ſmaller Lenſes, ſuch as the 
ocular ones, the Error is ſo ſmall and inſen- 
fible, that they may be ſtill ſafely uſed, 

James Gregory t was the firſt who gave 
a Specimen of this Sort of Cata-Dioptrical 
Teleſcopes, conliſting of Lenſes and Specu- 
la, in Optic. Promot. Prop. 59. which 
was many Years after wards given out by 
Mr. Caſſegrain, a Frenchman, for his own. 
The ſame, upon Phylical as well as Geo- 
metrical Accounts, altered and improved, 


* See the Latin. + Our Author's Uncle. 
iS 
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is publiſhed by Sir Isaac NEWwTO N, 
is his admirable Theory of Lights and Co- 

Ours. | 
Since Specula, being opake Bodies, can- 
not have the ſame Axis with Lenſes with- 
out being perforated at their Vertex, and 
conſequently ſuffering an irreparable Loſs 
(ariſing from both theſe Cauſes) of thoſe 
Rays that fall near the Yertex, and are 
moſt accurately reflected: The Poſition of 
the Axis may (by Corol. 1. Prop. II.) be 
altered as we pleaſe, by the Help of a plane 
Speculum ; and by this means (beſides other 
Advantages) the Neceſſity of Perforation is 
— taken away, and the Loſs of Rays 
alling near the Axis, occaſioned by the 
Opacity, is very much diminiſhed by the 
Obliquity of the ſecond Speculum, which 
is obſerved by the accurate Netyuron in his 
Cata-Dioptrical Teleſcope. But if, by 
reaſon of Phyſical Difficulties, in turning 
and poliſhing proper Specula, we muſt (till 
continue the Uſe of Lenſes, perhaps it 
would be of Service to make the Object 
Lens of a different Medium, as we ſee done 
in the Fabrick of the Eye ; where the cry- 
ſtalline Humour (whoſe Power of refracting 
the Rays of Light differs very little from 
that of Glaſs) is by Nature, who never 
does any thing in vain, joined with the 
| aqueous 
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aqueous and vitreous Humours (not diſſer- 
ing from Water as to their Power of Re- 
fraction) in order that the Image may be 
painted as diſtinct as poſſible upon the Bot- 
tom of the Eye. There are likewiſe other 
Advantages of the forementioned Artifice 
in the animal Eye, which belong not to 
this Place. | 


—_—. 2 - 
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To the foregoing WO RR. 


N order to remove whatever 
Difficulty might lie in the 
Way of a Reader who is to 
begin with this Subject, and 
interrupt his Progreſs thro 
this moſt excellent Treatiſe 
(beſides having all along in 
the Tranſlation explained ſuch Paſſages as 
the Author's Laconic Style has made ſome- 
thing too intricate for a Beginner, and cor- 
reed ſeveral conſiderable Faults of the 
Preſs, which had eſcaped his Care) I have 
thought it proper to ſubjoin a tcw things, 
which may perhaps be of Service to ob- 
viate ſome farther Difficulties, and ſupply 
ſome ſeeming Defects, 


I. From 


Tr _m_ cc «as _ nn an 


r iX ©... 
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I. From Prop. VI. Prob. v. 

Ve may give a Solution of the following 
Catoptrical Problem, for finding the Focus 
of any given Speculum unjoer/ſally ; which 
the Author tells us, at the End of bis Book, 
it was once his Deſign to have done. 

The Problem is this. T he Focus, or Point 
in the Axis of a given Speculum, from 
whence, or towards which, Rays proceed, 
| being given, tu find the Focus or Point where 
thoſe Rays will meet again, after they fall 
upon, aud are reflected by, a given Speculum. 

Now this Problem being ſolved in one 
Caſe, namely, that of Rays falling upon a 
convex Speculum, and diverging from a 
certain Point in the Aris of the Speculum, 
will, mutatis mutandir, be applicable to 
all other Caſes whatever, whether the Se- 
culim be convex, concave, or plane, and 
whether the Rays fall diverging, conver 
ging, or parallel. 


[Plate I. Fig. 9.] Let then BD be a 
given convex Speculum, whoſe Center is 
A, and E a given Point in its Axis, from 
whence the Rays which fall upon the Spe- 
culum diverge: It is required to find the 
Focus, or Point C, in which the Rays ED 
diverging from the Pocus, or Point E, do, 
after Reflexion from the convex Speculum 
BD; meet. Call E B the given Diſtance of 


the Point E from B the Vertex of the Secu- 
P lum 
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lum d, AB the given Radius of the Specu- 
lum r, and B C the Diſtance of C the Focus 
required from B the Yertex of the Speculum, 
x, By Prop. VI. Prob. V. AC(r—x): 
CB CN) :: AE (Ar): EB (A). From 
whence atiſes the Equation, n 
r 
+rx, which gives us BC (x) =— — 
| 2d +r 
for our general Rule; which ſhews, that in 
the Caſe of diverging Rays falling upon a 
convex Speculum, the Focus C is always 
affirmative, and to be taken from the Fer- 
tex B directly forward: And that the great- 
er & is, the greater will be the focal Di- 
ſtance, till at laſt 4 becoming infinite, and 
conſequently the finite Term y vaniſhing, 
x MOL. Nee wg 
it will be KP at or half the Radius; 
24 2 
that is, the Radiant receding from a conzex 
Speculum, the — * will alſo recede beyond 
the Fertex of the Speculum ; but ſo flowly, 
that when the Radiant becomes vaſtly di- 
ſtant, the Image will be got no farther than 
the middle Point, between the Yertex and 
Center of the Speculum And vice ver ſa, 
the nearer the Radiant approaches to the 
Speculum, the nearer the Image approaches 
fo it, till at laſt they both meet and coin- 
cide at the Vertex. According to Obſer- 
gat. 2. Schol Prop. VIII. 5 


De A «© -c. A JR * N 4 


— 
ww 


| other poſſible Caſes; the Terms of which 


Guile” 5 0 9 0 wat 0 
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If. EB (a) be equal to A B (Y), the 
r 


focal Diſtance B'C beeomes =>»: But if 


E B (4) be equal to half AB (ir) the 
focal Diſtance will in this Caſe become 

F. | 
— — A 


4 | 

Now to apply this univerſal Canon to all 
it conſiſts remaining always the ſame, tis 
only changing the Signs F or — accordin 
as the Caſe requires : For in the Caſe 85 
converging Rays, the Point in the Axis of 
the Hectuum towards which they converge, 
is on the other Side of the Yertex of the 
Hpeculum, and conſequently its given Di- 
ſtance, in reſpect to the former, is negative, 
or — d. For the ſame Reaſon, in the Caſe 
of a concave Speculum, the Center of the 


ſpherical Surface lying on the contrary Side 


ot the HFertex, the given Radius becomes 
negative, or — r. And in theſe Caſcs re- 
ſpectively, whereſoever the Quantity d or 
occurs, it muſt have a contrary Sign to what 
it had before. | 

If then concerging Rays fall upon a con- 
dene Speculum, d being in this Caſe nega- 


— ar 
tive, the Rule will be — — ; which 
— 24 . 
P 2 ſhews 
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ſhews, that when 24 exceeds r, the Focus 
will be ſtill affirmative; but if 24 be leſs 
than 7, the Forus will be negative, or on 
the contrary Side of the Fertex of the Spe- 
rulum : That is, if the Point behind the 
Speculum, towards which the Rays converge, 
be at a greater Diſtance from the Fertex of 
the Speculum than half the Radius, the 
Focus is ſtill to be taken ſrom B the Yertex 
directly forward, according to Corol. Prop. 
IV. But if its Diſtance be leſs than half 
the-Radins, then the Focus muſt be taken 
from the Pertex B backward; according 
to Corol. Prop. VI. When 4 is equal to 
| ar, 
117, "the focal Diftance becomes = = — 
0 
and » conffamntly infinite : That i is, \ Raye 
converging to a Point in the Axis of a con- 
vex Speculum, at an equal Diſtance between 
the Center and HFertex, will, after Reflexi- 
on, proceed parallel, according to Cyrol. 
Prop. III. When d is equal to r, the focal 
Diſtance becomes =r ; that is, Rays con- 
verging towards the Center of the Specu- 
lum, are reflected by a convex Speculum 
back again upon themſelves. 
If parallel Rays fall upon a convex Spe- 
culum, d in 9 Caſe becoming infinite, the 
PF 
Rule will be — = & x ; which ſhews, that 
N 


Rays 


„ 


9 2 


| w? 


it be at the Diſtance of the whole Radius, 
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| Rays falling parallel upon a convex: Specu- 


lum,” are collected in a Point at the Diſtance 
of half the Radius behind the Speculum, 
according to what has been demonſtrated 


at Prop. III. And conſequently a vaſtl 


diſtant Radiant will have its Image form 
in this Point; whence the Sun's Beams will 
be there collected, and heat or daun my 
thing placed therein, | 

If diverging Rays fall upon a concace 


Speculum, the Radius being in this Caſe 


ar 


r, the Rule will be —; which ſhews 


24 — r 
that when 4 is leſs than r, the Aims is 
affirmative ; when d is equal to 3 r,- the 


Focus is infinite; and wh is greater 


than z 7, the Focus is negative; and when 
dis equal to r, the focal Diſtance is r: 


That is, if the Point in the Axis of the Spe- 


culum from which che Rays diverge be 
nearer the Fertex than half the Radius, 


the Focus will ſtill be behind the Speculum, 
according to Prop. V. If it be juſt at the 


Diſtance ot half the Radius, the Rays after 
Reflexion will proceed parallel, according 


to Prop. III. If it be at a greater Diſtance 


than half the Radius, the Focus after Re- 


flexion will be on the ſame Side of the 


Speculum with the Focus before Reflexion, 


or Point from which the Rays diverge. If 


the 
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the Rays after Reflexion meet in the ſame 
Point from which they firſt diverge, It 
is morcouer manifeſt, that the more & ex- 
ceeds ; r, the leſs will be the negative 
focal Diſtance ; but if a be infinite, the 


Vocal ene in this Cafe = _ * zx, 


can be no leſs than half the Radius : And 

on the contrary, the leſs 4 exceeds 5 r, the 

2 eater will be the focal Diſtance; till at 

ſt, a becoming equal to 3 r, the focal Di- 
els 


ſtance in this Caſe = — becomes inf. 


nite. ſis when a grows the thing leſs than 
+, the Focus becoming aſirmative, is thrown 
at a greater Diſtance. on the contrary Side 
of the Speculum; and by how much A is leſs 
than z, the leſs will be this affirmative focal 
Diſtance. So that a Radiant placed at a 
greater Diſtance than half the Radius from a 
concave Speculum, the farther it recedes from 
the Speculum, the nearer its Image which is 
on theſame Side approaches to the Speculum, 
and at the Center of the Speculum they meet, 
and aftcrwards croſs one another, till To Ra- 
diant becoming caftly diſtant, the Image 
will come within half the Diſtance of the 
Radius from the Speculum And vice verſa, 
the nearer the Radiant approaches the Spe- 
culum, the farther the Image recedes from 


it, 
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it, and at the Center of the Speculum both 
meet, and afterwards croſs one another, till 
at laſt the Radiant coming to half the Di- 
ſtance of the Radius from the Speculum, the 
Image becomes vaſtly diſtant : Whence if a 
lucid Body be placed at the Diſtance of half 
the Radius from a concave Seculum, it will 
enlighten Places that are  vaitly diſtant, 
If the Radiant comes nearer the Speculum 
than half the Radius, the Image will be 
caſt from before the Speculum to a great 
Diſtance on the contrary Side; and the 
nearer the Radiant now approaches to the 
Speculum, the ncarer will the Image like- 
wiſe approach to it, till at laſt they both 
comcide at its Vertex, and vice verſa, ac- 
cording to Obſervat. 1. Schol, Prop. VIII. 
If converging Rays fall upon a concave 
Speculum, d and r being in this N both 
r 
negative, the Rule will be — 
| e224 —t . 
which ſhews that the Focus is always nega- 
ties: That is, Rays that fall converging 
upon a concave Speculum, will always be 
collected in a Point or Focus on this Side 
the Heculum, according to Cord. Prop. V. 
If Z be equal to r, the focal Diſtance is 
—— f 


= oy? but if & be equal to , the focal 


— 17 


Diſtance is = —. 
4 If 
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arallel Rays fall upon a concave 


Spesen, di in this ” Caſe mines — 


nn {7 }* 


the Rule vill be nnr: Phat is, 


24 


Rays falling parallel upon a concave Specu⸗ 
um, are collected in a Point at the Diſtance 


of half the Radius on this Side the Specu- 


lum, as has been demonſtrated at Prop. III. 
Whence if the Sun's Beams be received 
upon ſuch a Speculum, the ſame will be 
the burning Point. 

If diverging Rays fall upon a plane Specu- 
lum, the Radius r being infinite, the Rule 


will be 2 ; that is, the Focus of diver- 


ging 12 reflected by a plane Speculum, 
will be at as great a Diſtance behind the 
Speculum, as the Point from which they 
diverge is before the Speculum, according 
to Prop. II. And conſequently the Image of 
any Radiant, made by Reflexion from a 
plane Speculum, will be ſeen as far behind 
the Speculum as the Radiant is before the 
Speculum ; and they will both not only re- 
cede from and approach to the Speculum at 
the ſame time, but likewiſe keep an equal 
Pace one with another. 

If conver, 7 Rays fall upon a plane 
Speculum, "— 2 and infinite, 


the Rule will thr — 4; that is, Rays 
r x con- 


G, d izc.c cr RT. 
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converging to a Point at a certain Diſtance 
behind a plane Seculum, will have their 
Focus at an equal Diſtance from the Mecu⸗- 
lum; according to Chrol 1. Prop. II. 


If parallel Rays fall upon a plane Spe 
culum, both 4 and r being i in this S 


ar 
finite, the focal Diſtance — will * 
2d 4 Tr 


dſo infinite: That i is, Rays falling parallel 
apon a plane Spaculum, will be refleted 
back parallel. 

It is worth obſerving, that the Conkide: 
tation of Miverging Rays relates to Objects 
that are near us, and ſuch as we examine 
with our naked Eye, or by the Help of 2 
Microſcope: Parallel Rays are conſidered 
when we have to do with Objects vaſtly 
diſtant, and ſuch as we look at through 
Teleſcopes. And converging Rays fall un- 
der our Conſideration, when the Rays pro- 
ceeding diverging or parallel from any Ob- 
ect are by one a or Lens made to 
converge, and then intercepted by the In- 
terpofition of another Speculum or Lens, 
before they arrive at their Point of Conver- 
gence ; which is of great Uſe in examining 
the Effects of optical Machines, made by a 
Combination of more than one Leus or 
Speculum, and conſtructing ſuch as are pro- 
per for any aſſigned Purpoſe, where this 


Contrivance i is — abſolutely neceſſary. 
Q. There 


lum: That is, if it be required to repre- 
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There are two'farther Uſes of this Me. 
thod ; the firſt is, to determine what Degree 
of -Conzexity or Concavity is neceſſary for 
a Speculum to repreſent a given Object at a 
given Focus. And this is very eaſily done from 
the Equation firſt found ar dx Ax rx. 
For d and x being given, the Radius of 


Convexity 7 = ——, Where it is plain, 
a: © box L223 of | 


that if æ be greater than a, r will be a ne- 
ative Quantity, and the Problem impoſ- 
ible ſor a convex Speculum; That is, if it 
be required to repreſent a given Object, at 
ſuch a given Fucus, whole Diſtance on the 
other Side of the Speculum ſhall be 
than the Diſtance of the Object on this Side; 
inſtead of a convex Glaſs, we muſt uſe a 
ext tl whoſe negative Radius will be 
b | 
=—- After the ſame manner the De- 
gree of Concavity is found from the ſame 
Equation, only changing the Sign of v 
from . to —: For & and x being given, = 
* | 24x, 
Mall have the Radius of Concavity r=—= 
Where it is manifeſt, that if 4 be greater 
tan xy 7 will be a negative Quantity, and 
the Problem impoſſible for a concave Specu- 


ſent 


—_ 
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ſent a given Object, at ſuch a given Focus 
whoſe Diſtance on the other Side of the Se 
culum ſhall be leſs than the Diſtance of the 
Object on this Side, inſtead of a concave 
Poculun we muſt make uſe = a convex, 

248" T2 
whoſe eGrmative Radius | iS =— And 
* 
in both Caſes if d be equal to x, dan che 
Radius either of , or a 
2dx 24x 
= — will bs infinite, and the 


— 


a- 
* 

problem will be 3 for bee a cotis 
vex or coneave Speculum : That is, if it 
be required that a given Object ſhall be 
repreſented at ſuch a given Focus, whoſe 
Diſtance on the other Side of the Speculum 
ſhall be equal to che Diſtance of the Object 
on this Side, inſtead of a convex or conraee 
Speculum, a plane Speculum is the only 
one that can be uſed. If d be infinite, the 


* anc 5 
Radins of Convexity becomes PI = 2X z 
24x * 


but the Radius of Concavity — 58 


— {_ 


will have a negative - Value: Which 8 
that the Problem is impoſſible in the Cafe 


of a concave Speculim ; that is, a vaſtly 
Q 2 diſtant 
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diſtant Obje& cannot be repreſented at any 
iven- Focus behind a concave Speculum ; , 
kur may by 2 Convex, whoſe Radius of 
— muſt be equal to twice the given 
Diſtance behind the Speculum. If x 
be infinite, then rhe Radius e of Convexity 
bad x.- 
= — 2 — —24 has a negative Value, and 
& 
the Problem is impoſkble for a convex Spe. 
culum; but the Radius 4 Coneavity is 
ade 
2 = — 2d. Whence if we would have 2 
* 
given Object repreſented at an infinite Di. 
ſtance behind the Speculum, we can make 
uſe of none but a concave Speculum, whoſe 
Radius of Concavity muſt be equal to twice 
the given Diſtance of the Object. 
Hitherto we have conſidered the vows as 
affirmative, that is, behind or beyond the 
Speculum ; but the {ame Rule, only * 


the Sign of x in the Equation * = 


24 
| will equally hold if we would haye the Fb. 
cus negative, or on the ſame Side of the 
Speculum with the Object: For in the Caſe 
of a convex Speculum we ſhall have the 12 


Lizar 
bus ef Convexity=—— always of a ne- 
R r 


* 
1 x Y \ 5 
441.1411 8 ; 1 ene 
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gative Value, and conſequently the Problem 
is always impoſſible for a convex' Speculum; 


| but in tho Caſe of a concave Speculum, — 


Radius of Conewity will be —.— 

LAK: 
Which ſhews, chat the Problem is always 
poſſible for a concave Speculum, be the 
Quantities 4 and x as they will. If we would 
have = x, then the Radius of Concavity 
will be alſo equal to or x : That is, a con- 
cave — whoſe Radius is equal to 
the Diſtance of the Object from the Specu- 
lum, will refle& the u into the lame 
Place with the Object. 

The other Uſe of this Method i is, — 
the Image and Speculum given, to ſind the 
Diſtance of the Object from the Specu- 
lum: 'That is, in the Equation firſt found 
dr — de = dx + vx, x and r being given, 
we are to find 4 which will conſequently 


concave = — 


. Whence t tis plain chat 
| ra 2 
in convex Specula the Problem will be im- 
poſſible when x exceeds £+ x," but in concave 

pn hs it will always be poſſible : That is; 
the Image is to be at a greater Diſtance 
than Q the Radius behind the Speculum, i 


canno 
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cannot be made by an Objed placed before 
a convex” Speculum at what Diſtance oe. 
ver: But let the Diſtance of the Image be- 
hind the Speculum be what it will, it may be 
formed by an Object expoſedat'oine certain 
Diſtance before a concave Speculum. If the 
iven Focus be negative, or the Image on the 
Side of the Speculum with the Object, 


then changing the Sigi of x, in the foremeri- 


— vos er wo ſhall have, 8 the Caſs 


110 — r 
of cue hal, 4 = 21 — 
org it ach 


. 35* 1218 ce * A 1 
Caſe of concave get, = —. 8⁰ 
ö 1-2 


| that'the Problem wil akayd be impoſſible 


for convex Specula, and only poſſible for 


concaes ones, when 3 # does not exceed , 


or when che Image is n 


culum than by half 9 0 
—̃ —-—„V—ͤ — — — 


— Toon Corol. Prop * 


E may Fa ew a Solution of the follow. 
fog Catoptrical Problem, of magniſy- 


ing or diminiſhing a given Object by a given 
Speculum in any aſſigned. — - UW 
be Problem is this: Te find at what 
ſtance from à given Speculum it is ne- 
J ceſſary 


| £ 
SONNIE 
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to place an Object, in order that the 
= Limes of the I ge made by the 


Speculum may bear any aſſigned Propor- 
tion to thoſe ＋ the Objett. a of 


4 —_ A * - - — * — 14 % * LS $. _ 
* 4 = 4 


Since it is evident from this Corl. that 
the homologous Lines of the Radiant and 
Image are to one another as their Diſtances 
from the Speculum reſpectively: It fol- 
lows} chat if B to c expreſs the Proportion 
which the bomologous Lines of the Object 
and Imag are to bear to one 3 5 
will be to c, as d, the Diſtance of the Ob- 
jecrj tom, the focal Diſtance'of the 
Whence, if we compare this Value of x with 
that r N foregoing Problem, we 

vc 
ſhall ſhave = —; "And conſequently 
224109 NN BEFAYY s std b 


NA eu 09 dv: Viſio 380 rc. n 
the Diſtance, id =—— will be 
Ty 444 £1.95 BIT Dl 


* generil Rule; and widens mms 


tandis, extend it ſelf to all poſſible Caſes 
whatever, though in its preſent Form it 
the Caſe of convex Specula i in 


ticular: For concave” Specula: 'twill band 
Image be dene 


cr — by 
hs pet If the 


on che ime Side of the Speculum with che 


* * being negative, in the Caſe of 
conde & 


K 4 : 
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ary, N rer; 


ana eee, il be e e 
rom molscoge 


9 D* N Irc. 
_ in the Cafe af concnve a — — 
7575 {1 carl zva ei 21 81 


— whenes: Bonis! that there is no 
ing an Object by a concave Specut 
or — in this Caſe greater than 
Foo — Rule for the afficmatiye Faout 
222 rm &Þ 259i. $1020] omoad-203 andaw 
4 * have negative Var 

67 N 28 ed 0: 20 iw 
Pro 4 that- for the negative. From 
ay: rer 91009 99 I e 127107 
4 eee a negative Va : 

* . N 
hie :- Sees can only diminiſh an Ob- 
ject, and make it appea 
Speculum, and that only when the Focus 
N aſſirmative, or the Image to be! repre? 
ſented behind the Speculum. And by a 
eoncave Speculum there is no 
an Odject, as long as the Focus is aſſirma 
e; for i beng 3 the — 

c r irt 

| ia that Caſe = wil have  negs- 


tive Value: * we can only magnify 
an Object, and make it appear- greater be- 
hind a concave Speculum. But it the Focus 


cher amt and the Image and Object — 


Bleſs, by a convex 


D r x i ca __. 
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be both on the ſame Side of the een 


„ 3G \ 9327 40 nts br + er 2 EIT 
the Rule being 4 —, thews that in 
2C * 


this Caſo @ concave Speculum will-magniGy 
or diminiſh an 3 in what ma 
we pleaſe. 
It is to beobſerved; | —— the Objeck 
be a right Line, the Proportion co r will 
the Proportion between the Object 
and Image themſelves; but if the Object be 
2 plane Figure, the ion 5 to c will 
be only ſabduplicare of that which the 
Object bears to the Image, as we learn 
from Eura. So that if h̊ to c be as 2 to r, 
the Object and Image will be as the Squares 
of theſe Numbers, or as 4 to 1. But it 
muſt alſo be noted, that Painters uſtiatly 
meaſure the Largeneſs of their Figures by the 
ſimple Proportion of their homologous Lines; 
ſo that when they ſpeak of an human Fi- 
gure twice as big as the Life, their M 
is, that the homologous Lines of this Figure 
re twice as great as thoſe of the Life; or 
that the Dimenſions of every Member in 
Length and Breadth are twice as large as 
thoſd of the Men repreſented; though pro- 
perly ſpeak in — Picture is four times as 
big as the Life. | 7 
If the Out-Eines of the Image be defied 
twiee xas big as the Eife, and the/Foous = 
CN 0 being in this Caſe greater _ A 
R 8 , the 


430 4\S/U PPLEM PNA 


_ b;the-Probleni will: be-impoſſible for aby 
convex Speculum ;. but the Object. being 
placedibefore a concave Speculum at the Di- 


er — br T: I 
Wee: m— — or of, the Radius 
ce as 52 4 Minmab -* 


with have its lacs magnified i in he Pro: 
portion aſſigned. If we would have the 
Foes negative, and the Image repreſent- 
ech on the ſame Side of the Speculum with 
the Object, ſtill the Problem will be impoſ- 
ſible for a convex Speculum; but if the 
Object he placed before a concave nen 
mol d n rd! 3 2 3: 
at the. Diſtance — , ar— of the 
isupe GC Dns 
Radius, its — made — the S — 
ill ihe . magnified in che Propartion aſ- 
28 Susa! | * Guede 
- :2Thus: Jet b — what 
it-will;:.che Rule will always give us the 
Diſtanoe; at Which the Object "x muſt be 
' placed before the given Speculum, in order 
to haue its Image magnified or diminiſhed 
in that Proportion. I: thall- only add one 
Inſtance more; and that is, fuppoſing h̊ and 
wert equal; and the Focus affirmative: In 
this Caſe we thall:have both for convex = 
t + br = cr % 
boulsb sd u ors tear O er 
concave Specula d = —— ENCES 5 


tet une 83 21543 i nad; {ori 


By * — — 
dals Ae) | A 'That 
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f That i is, the Object muſt be placed at the 
; very Vertex of the 'Speculam ; in which 
! Caſel we know both Object and Image 
coincide. ' If the Forces were negative, 
; then no convex Specutum will do; and 
ö tho Rule for concave exe will be 
er, rr 
ee — * "That i is, we Obs 
31971. 0 1 a+ 118 
c muſt be ae ok the 
nw THU 9veneod 5» ft 
There are two farther Uſes to bs a0 
of this Method; the firſt is, the Diſtance 
at which the Object is to be placed before 
the Speculum, and the Proportiori in which 
the Image. is to be magnified or diminiſhed, 
being given, — — of. Con⸗ 
vexity or \Goncavity the Speculum ſhould 
have, in order to magnify. or diminiſh the 
Image — Proportion aſſigned: That i ls, 
99 «1 od 1 5 C 
in the Rule 4, b, nk being | 
441 901/5 N \ct>l-fo1 S617 25-100 ST 7H 
given, wen are required: to find v; which 


will give us, in the Caſe of a convex Spe- 
ts 7 395 IV 3-8-1 20 


i 


H-01-TSE 


culum, and an affirmative Focus, 1 * 
IM idr 0 538 Wart 87 1 10 30 C 
dn: the! Caſe of A concave. Speculuty 
12 evibed » 
n= ir the Baar be negative, for 


erb * 101210401 
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14 Sei el N 
convex « Specula, the Rule ſtands 1 
| | Ke 

| 2d . » [ 905M 
for concave, DDR A203 - ON - i 
bc * ln eit: 


From all which it appears, that if c be 
greater than b, or if the Image be deſired 
greater than che Object, and to be repre- 
ſented behind the Speculum, no Convex 
will do, but a N e will, whoſe Radius 


26 Yr 915950 | 
is. As likewiſe i b be Fame chan 
16 25. 1 


c, or the Image "i def ind leſs thin the Ob- 
ject, and to be repreſented behind the Spe- 
culum, no Concave. will do, but a n 


goat: en. 3 20 
will, whoſe Radius muſt be — ; ** che 
b—C. © 


Fucus be req ue negative, or the nd 
to be on the. ſame Side of the Speculum 
2 the Object; the Problem is altogether 
impoſſible for a convex Speculum, whether 
to magnify or diminiſh; and always poſ- 
ſible for a concave Speculum either to mag 
' nify or diminiſn. 

The other Uſe we may make of this Me- 
thod is, from the Diſtance of the Object 
before the Speculum, and the Radius oY 
Convexity or Concavity being given, to 
rt the r 5 to 75 which the 9 

wi 


e 


= 
a £2.40 n 
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will bear to its Image made by the given 
Speculum: That is; in the ſorementioned 
Rule, having 4 and er given, to find the 
Proportion of h to c. Whence in the Caſe 
of a convex Speculum, and an afſfirmative 
Fucur, twill be b. c. 24 EV] and in the 
Caſe of a Concave, B. c. 5 n= 58 r. But 
if the Focus be negative, in Congo Specula, 
twilbbe b. : 24 ne 
cave, b . Gu ian fror oh 
So. then in the Caſe of enen Sperm 
lum, and the Image behind the Speculum, 
J will alwa *r be greater than e]; becauſe 
24 + fis of neceſſity greater than 1. And 
in the Caſe of a Concave, h; will always be 
leſs than 4 for the like Reaſon; and if d be 
equal to 2 15 them c will be infinite. in re- 
ſpect to b. Rut if the Image be required 
on the ſame Side of the Speculum with the 
Object, in concx Specula, twill be found 
always impoſſible; and in concave, - poſſible 
in all Caſes whatever, both of magnifying 
and diminiſhing: For if d/be' Bars; than 
r, then þ will be greater than c if d be leſs 
than , b will be leſs than c; and if d be 
equal to 3 r, then 35 be infinitely _ 
* _ 3% 
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134 4:$UP:BLEME NT 
novig gilt yd bam „gam! 21 07 162d Hin 


ono! nt Garul. 30 Prof 1 
23. bun of (9 > I bas N 201 Ver 210A 
uE ger i Chofiration. 1 

| be Focis of Ray refratted ut 


| 4 eb Surftce ; and 'tomiirds t henkiive. 
run ena If thut Coroli apphiestbe: ſame: u 


abe Caſe ni plane made a 4ffarming,y that 
im rhitbihſe ub +ikbt Line F M, which 
determines the Focus v, meeting the 
Axis B:Avprodured ſumetbere in &, oil 
he abe ſamne tpith a right ino, joinn "4b; 
Point. F: wit another. Paint: taken ili B E 
producra, lu ſuch a Miſtnuc“ from B, \as 
ro make than PDiftance boar the-ſame Vm. 
portionbte Big which! AN woes. ro A M; 


berauſe>1be''T angeuts vftuligler art ropi- 
3 rheir binn — 0 224d 
e aulas og ſo bie oH ata ho 


Pre III. Fig. 5 Phat this may be 
more eaſily conceived ; Suppoſe the Surſabe 
BD plane; and take the hint C upom BE 
gend j ſo às thatBUC may be ta Þ E as 
ANito A M and join) FC): He aft to 
fete that: the Ti t. Eins HM '\prouuced, 
' meer the Axis A B pro- 
duced, in the Poin C, and there\deter- 
mine the Focus. Jom EN, E M; and 
on the Center E with any Radius, as EA, 

deſcribe an Arch of a Circle AG, and draw 
the Tangents of the Angles AE N, AEM, 

which will alway be as AN to A M, and 


are 
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are in \the preſent Caſe thoſe very I 
x5 likewiſe their reſpective Cotangents & H, 
GK. Since A, the Center of the N Sur⸗ 
face B D, and conſequently the right Ling 
AMN, is at an infinite Diſtance from B, the 
right Line F M becomes parallel to EM; 
and conſequently if produced beyond F, will 
ect, ba N W's B produced ſomewhere, 
to make the ee 


CBF Aae to the riangle KG E. 


therefore the right Line E H, paſſi = 
the Vertex; of Roth thoſe 1 wil 
cut their Baſes · C B, G K ſimilarly in E an 
H, ſo as to make B C to. B E, as G K to 
GH, +, Bur: hecauſe the Tangents of Angles 
ate reciprocally as their Cotangents, 
510 AM, as GK to GH, thereſore B 
5 00 BE, SAN e And ep 
1 es che right 
th a5 A5 — — 
cech is that very N Point © taken at. firſk 
pon BE produced, ſo 5007 be 
to B . as A N to AM. E. D. 


— * +& : C? - \ | 
— —— — 144 18 +443; > 1 W.4& 


TAO ooh — TT — 
1 1 y 30 * } 26: 14 NIE C4 1 ** 
e \ A W. Ab roy ANA. | Prob 3 

nazi! don bas dunn 1] ww 10 
5 e Uk. of 
L analytical Canulatigns, for finding 
tbe Foci: of: Denſes, n ſar bittar thun tus 
80 nice li geometrital Conſtructions: ox 

| ic 
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which Reaſon it cannot be improper to give 
the leſs nbilſul Reader an Examp 


le, that 
be may fee how ſuch rank are 70 by 
managed. | 


* [Plate 11 . 6] Suppoſe BD: halt 
given Lens, and E a Point in its Axis, from 
which Rays diverging fall upon the Lens; A 
he Center of its 5 ert ſpherical Surface, and 

2 the Center of its ſccond ſpherical Surface, 
BD the Thickneſs of the Zexs, and I to 
R the Ratio of Incidence to Refraction. 


And it is required to find F the Focus of 


choſe Rays after Refraction at both Sur- 
faces of the Lens. We muſt firſt find f the 
Focus of thoſe Rays after their Refraction 
at the firſt Sur face only, or their Focus of 
Tranfitjon: Call EE d, B D r, AB 
C De, BF, DF y. By Propoſit. XV. 
EA 440 ArGe ＋ FB (&): BE 
(4) : : IR: Whence multiplying the Ex- 
tremes and Means, Raw $2 45s Tdx— 
| EI Fr: 


Ir; and BY (s) = Ras vs; 


8 1d Rd Ar. 
Whence it is plain, that if 4 be ſo great in 
reſpect to r, that Ld exceeds RA Rx, 
the Focus F is affirmative, and to be taken 
from g the Vertex of the refracting Surface 
directly forward, as at Ng. 6: If I d is leſs 


than RA ERV, the Focus F is negative, 


_ to be taxem from B backwards, as at 
08 N Fig. 


hn oo pH ww 


1— 2 


222. r - 
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Fig. 7 ; and if IA be equal to RAT Rx, 
Bf becomes infinite, and the Rays proceed 
parallel. 

Thus having found 7 the Focus, after 
the firſt Refraction, we may, by the 
ſame means, find F the Focus after the 
ſecond. Refraſtion. For, by the ſame 

Idr 
Prop. XV. 1 RTR r 


Idi RA Rrf- Id RA.—Rr: 2). 


IA —-RA Rr 
CF (4+e) +FD (350: 7 
177 r 14 —ldt+RatkRrr 


Rar TARA R . 
R: I: (I to Rat the Emerſion of Rays from 
any Lens, being as R was, to I ;- their 
Inmerſion into it.) Wherefore multiply- 
ing the Extremes and Means, we = 
Fdry — Faty +IRdty + IRrty + FA 
IRdty IR = IRary — IRaty 4 Ray 
+ R*rey + re —= IRdte + RA ” 
R*rte ; VF conſequently, DF ( = 
___ IRdir—IRdn+ RA Re 
Fdr — IRar — Fat — +21IR4t — N 
IRrt — Rerr IT Pd — IRs; 1 


Which Equation, if we put 2 8 


may be abridged, and reduced to DF (y)= 
Ipdr: — Rdet + Rprot * + - 


Idr — dt t +. Rt + 16 + lt 2 112 


S And 
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And it is evidently the ſame with that,which 
the famous Dr. Halley has given long ago, 
in the Philoſophical Tranſattions, for find- 
ing the Foci of optical Glaſſes univerſally. 
This Calculation being general, will ſerve 
for all Sorts of Lenſes, be the Matter of 
which they are made, and the ambient 
Medium what they will, or whatever be 
the Ratio of Ito R: And tho' it is made 
for Lenſes whoſe Surfaces are both convex, 
yet, mutatis mutandis, it will extend to 
Lenſes of any other Figure whatever, whe- 
ther double-convex or double- concave, plan- 
convex or P1ano-concave, or Convexo-Cconcave, 
which laſt Sort are commonly called Meniſci. 
For the Radius of a concave Surface being 
on the contrary Side, or negative with re- 
ſpect to that of a convex, and the Radius of 
a plane Surface infinite; tis only changing 
all the Signs +or— with which the Radius 
of the reſpective Surface, which we would 
have crncave inſtead of convex, is affected 
in the general Rule; or making all the 
Terms infinite, which involve the Radius 
of the reſpective Surface, which we would 
have plane inſtead-of convex, So likewiſc 
if we would have it extend to other Rays 
beſides digerging ones; the Diſtance of the 
Point where converging Rays meet, from 
the firſt Surface of the Lens, being on the 
contrary Side or negative, in reſpect to that 
of diverging Rays, and the Diſtance of the 
198 x Point 


A  EERSAT TS A W..09S2 


TT; nc 7 eee 


—— 


fa. Foo o UA 
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Point where parallel Rays meet, from the 
ſame Surface, being #nfinite : "Tis only 
changing the Signs of all the Terms where 
we meet with d, if the Rays are ſuppoſed 
condergi 15 or making thoſe ſame Terms 
infinite if the Rays are ſuppoſed parallel. 
In the Caſe of a double. Convex of Glaſs, 
if the ambient Medium be Air, I being to 
R as 3 to 2, we ſhall have the focal. Di- 
ſtance from the ſecond Surfice of the Lens, 
6dre — at Þ+ Art | | 
1 — —— : If the 
3dr — dt + art + 34 _ or 
. Medium be Water, I. being 
to R as 9 to 8, the Rule will be 
za — 8det + 647 | 
y = ——. For a 
odr — dt + 8rt + d = T2r6 _ 
donble Convex of Water, and the ambient 
Medium of Air, I being to R as 4 to 3, the 
=». zd - zan + org . 
Rule is y, =. —— — 
4 — 4 37. + 44, —1 2re. 
And for a double Convex of Diamond, in a Me-' 
dium of Air, I being toR as 5 to 2, the Rule 
dre — dit + tet 
would be 5 = ———— 
zar — 3 dt +2rt + 5d; -p. 
If the Thickneſs of the Lens be' neg- 
lected, which is generally not conſidera- 
ble, the Terms where t occurs being re- 
* che Rule is ſtill farther abridged to 
8 2 y = 


— 
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pdrf 
'y= — - Where it is evident, 
dr-+ de — 
that if 4 be ſo mall in reſpect toy and e, that 
ar + dt is leſs than pre, the * Diſtance 
re 
ul will be negative, and = oo a FEE ct. 
"BY! — dr — dr r- 
or "he Rays after the two Refra&ions at 
both Surfaces of the Lens, will ſtill pro- 
ceed diverging from ſome Point; before the 
ſecond Surface of the Lens ; and if ar. 
be equal to pre, is infinite, and the Rays 
after nero from the Lens proceed pa. 
rallel. The Error in neglecting 7 is ſo 
ſmall, that if, for the Eaſe of the Calculation, 
we ſuppoſe a Lens of Glaſs equally. convex 
on both Sides, and expoſed to parallel Rays, 
7 being in this Caſe equal to,, and à infinite, 
the focal Diſtance, when 2 is neglected, i 


2darr 
— — #, and when it is conſidered 


'6rr — 2rt 5 1 


— ; which is only —, or nearly 
6r — 7 Ot, 


* leſs than the former. In che Cale of 
mi Rays falling u ow a ak Con- 


ce of Glaſs, we have y = — Pas acid A ule 
— Ar dr — 275 
always 


f 
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always affirmative : And if the Rays 
are Parallel, 4 being infinite, twill be 


gs 


2 Fun | 
J == — = — ; which all gives he 
ard, r 
Focus 877 affirmative, 1 behind 'the 
Lens. N R ays Tg" "upon + | 


e RP 


0 ö give 5 2 


| always negative, 2 as i in the Cate of conderg quite 


Rays pa ,a.double Convex twas always 
21 But if the Rays are Sed gig, 
WW 2 — 2 a 
i will be —  firmative, 
3 | 
whe W +4 is leſs than 27, or wha 


the Focus of diverging Rays collected 


by a aus Concem is negative, and di- 
verſa ; If the 14 5 AT. tis 
2ars 


— = ul. 3s Tir als ray: be 2 


ba, Ar- —1 9050 

tive. A plano-contex Glaſs, the eiae Sur- 
face being expoſed to e Rays, gives, 

24 ate 
v being infinite, ä —— af- 
E — 2, A— 26, 

firmarive or negative, according as d is greater 
or leſs than 2; 2 expoſed to converging. 
| ens... 

Rays y = ——, ways affirmative ; 


if 
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if to parallel Rays 7 SE 2e : So tht 
the Image of a vaſtly diſtant Object is al- 
ways formed by a plano- conte Lens, the 
plane Side being turned towards the Object, 
juſt at the Diſtance of the Diameter of the 
ſecond Surface behind it. A plano-concave 


Lens, expoſed on the Plane Side to diver- 
a2, — 24. 


ves y =" — — 
Bug Buße fe 25 "Gr t aft NE 


nn 


= —— 8 when the FX 
 "—=2+ 2e * 

cus of divert ing Rays on a 8 is 
7 in nice verſa ; to parallel Rays, 


Le IM 22 : So” that the Image of 


a vaſtly 1 Object i is always. formed by a 

plano concace at the Diſtance of the Dia- 

meter before the. ſechnd. Su rface, as it is by 

a plano-congex behind. A.M, 97 cus ex xpoſed 

onthe Fonoave 7 to diverging Rays, gives 
s — 24% | 

5 — ———., affirmative only 


when 4 and Ver nts great in reſpect to , 
that ar exceeds: 427 72 2re: To converging 
a2 e A 
Res J = — —, affirmative or 

, dr — d + z7 6 
negative, 
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negative, according as dr + ar, is greater 
or leſs than ae: If to parallel Rays 
ER IT. —= 377- . | 

= — — —, affirmative, 
rr — re... 
if the Radius of Concavity is greater than 
the Radius of Convexity ; and negative if 
leſs; and infinite if equal: For the Effects 
of the firſt Surface are, in that Caſe, ex- 
actly deſtroyed by the ſecond, and the Ray 
ſuffered to proceed (till parallel. 

It is to be obſerved, that if the Thickneſs 
of the Lens is neglected, as inconſiderable, 
the Focus of all Sorts of Rays falling upon 
any Lens will be exactly the ſame, upon 
whichſoever Surface of the Lens they are 
firſt received. But if the Thickneſs of the 

Len be conſidered, there will be ſome Dif- 
ference in the focal Diſtance, according . as 
you turn this or that Surface of. the Lens 
towards the Rays. And this Difference is 
eaſily found from the general Rule: For 
upon turning the other Surface of the Lens 
towards the Rays, , becomes r, and r chan- 
ges to „; by which means the Rule will 
give us the focal Diſtance in both Caſes, 
and ſubſtracting one from the other, we 
find their Difference. Thus, if, to abridge 
the Rule, we ſuppoſe the Rays parallel, 4 
being infinite; we have for a double Convex 


i Ire — Retr. 


Ir—1r 41 RN and PI 
turning 


/ 
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N _ — Rye 
turning Lens, J = ——— — — 
I. — Ir Ir Re; 
wherefore ſubſtracting one from the other, 
according as „or r is greateſt,” we ſhall have 
the Difference in double Convex, occaſioned 
+ Rrt — Ret. 
2 4 


by turning the Figs ERB, 
+ art J 2 


or in Glaſs ———. And this is ap- 
zr —t+3, | 

plicable to 3 of any other Figure, by 
oe the Signs + or — of thofe Terms, 
where we meet with r or ,, or making 
them infinite, according as the reſpective 
Surfaces are concave or plane. Thus in the 
Caſe of a p/zuo-convex, y being infinite, the 
Difference ariſing upon turning the Lens 

RT R 


becomes — = = 2; or in Glaſs it, in 
1 

Water a, and t in Diamond. Which ſhews 
that the : focal Diſtance is greater by t when 
the plane Side of a plano-convex of Glaſs is 
turned towards a 2afily diſtant Object, than 
when the convex Side 1s turned to it. After 
the fame manner, the negative focal Di- 
ſtance of a plane Concave will be greater by 
it, when the plane Side is turned towards 
the oaftly diſtant Object, than when the 
Concave SIG is turned to ĩt. In double Con- 

111171147 Caves, 


- gal. I _ 


3 nothing, the Difference will be the 
T 
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caves, whore the Focus is always negative, 


d — + aft Pare 
the Ditferenr is BETS I according 


as 7 18 greater or leſs than r. In Meniſti, 


the fobal Diſtance, whether affirmative or 
negative; being always greateſt when 


the? 'convanve Surface is turned towards a 
vaſtly diſtant Ode, the er 1 


— 271 — 27 


— —üK———ñ—— when the rei opon turning 


— 31 —t—3/ 
either Side: Fil both. one way, and urs ei- 
ther both affirmative or negative: But if : 
be ſo conſiderable as to be greater than 37, 
the Jocal Diſtance, uupon turning! the con- 
| cr 6r, — — 26 | 
tabs Side, —̃ — s affirmative, and 
\ 217. ror RANG 


the foeal Diſtance, upon turning the coves 


— 6 + rt 


Side, — — ee and conſt- 


ene 


quently their Difference is 


art — I 27 — 2gf 


T_T 


m__ 37 — fp: 


And if 7 were equal to 3”, the Focus in this 


Caſe, upon turning the convex Side to a vaſt- 


ly diſtant Object, falling exactly upon the 


tex of the ſecond Surface of the Lens, 
and conſequently the focal Diſtance being 


ſamo 
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„ 


ſame with the focal Diſtance upon turning 


3 Side, namely — — Aﬀer 


1 


the like manner, may be nd, "ih the ge- 
.neral Rule; the Difernce which would ariſe 
upon turning the different Surface of any 
Sort of Lens towards other Rays beſides 
Parallel, whether djverging or couverging ; 
but the Canons for theſe Caſes conſiſt of ſo 
many Terms, and are of ſo little Use, that 
they are not worth having. 

: There are three farther Uſes to be made 


.of the general Rule above delivered; the fix 


is, from the Lens or Focus, where an Ob- 
ject is repreſented, being given, to deter- 
mine the Diſtauct of the Object from the 


Tens; or the Lens by which we would form 


the Image of apy Object, and the Focus 


where we would have it formed, being giv- 


en, to determine the Diſtance at which the 


Object ſhould be placed before the Lens, that 


it may be repreſented i in the given Focus : 


pare 
That is, in the Equation y = m——— 
3 


or dry EA y—Pry=fare, r, ., Þ, and) 
being given, tis required to find 4, and con- 


; fequently we ſhall have d — 


Prep. 


r - pr, 
where tis plain, that if 5 , ebe ſo great 


) -— -—- 


K a =" — — 2 


SS. re re rr 


— — 
— — 
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in reſpe& to y, that pre exceeds ry + pp, id. 
will be e; and the Object cannot be 
repreſented in the Cireumſtances required, 
unleſs by means of another Lens, we frſt 
make the Rays coming from the Object, 
diverging converge to a Point behind the firſt 
Surface of the Lens given, at the Diſtance of 

Prey 7 
— — : And if pr is equal o ” 

8 — 97 1 , 
4m be be — Suppoſe the given Zong 
a double Convex of Glaſs, and made of two 
Segments of equal Spheres, but of a'Fhick- 
neſs not — and it is required to 
find at vw hat Diſtance from the Lens a lucid 
Body ſhould be placed, in order to have its 
Beams parallel aſter their Emerſion from the 
Lens, and conſequently its Light thrown 
upon Objects oaftly diftant, which may be 
thereby illuminated: In this Caſe y being 
infinite, and r equal top, and p.equalito, 2; 
we ſhall have the Diſtance required 4 r. 
But if t be conſiderable; we mult find & from 
the Rule which takes in the Thickneſs of 
the Lens, which gives us the exact Value of 
_ qret oP 540 — 219 
375 5 — ar 

for Example, the abnuble Convex: juſt men- 
tioned, were an entire Sphere of Glass, 
and the ſame thing required as before, y he- 
og, as we have * obſerved,” a 
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and equal to, 65 and moreover # equal to 27 


SND 
this luſt Rule gives a= Wt fence = 


Nr 


A ; ; wherensby the former, which negleds 
2 ago 
the Thickneſs, we have the Diſtance requi- 
red twice as great, or 4=# ; a Difference 
very conſiderable, if the Spheres-be of-any 
Bigneſs. So then, a lucid d : 
iy? Diſtance of half the — Ain 2 
Sphere of Glaſs, or at the Diſtance of the 
whole Radius from's"donble Convex of equal 
Spheres, whoſe Thickneſs is inconſiderable, 
Will illuminate Objects vaſtly diſtant. If 
the given Lens were a Hemiſphere of Glaſs, 
and the ſame thing ſtill required; if the 
tone Surface be firſt, - both 4 and e being 
in this Caſe infinite, and 7 equalytof, 
the 8 of the lucid — 4 wan be 


5908. 


a= — 4 ; but if the plane Side be 


IC 


hext e Wweid Bi Body, y and v being — 
6 - 27 2 X 
we have 2 = te, or 73 het 


bei bing a6 hos FN: . befores Dilevent 
the faca Diſtance of a plano-conret 
. parallel Rays, occaſioned by turn- 
ing the different Ta the Lens: If r had 
1 been 


2 


— >. eee 1 


© ww HY Bro rw www” 


— 
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been neglected, we ſhould have had A z 
in both Caſes: If we have an Object rev 
preſented by a dauble Concage: of Glaſs: of 
equal Spheres, at a negative Fucus the Di- 
ſtance of the Radius from the Leut, and it 
were required to find the Diſtance: of. the 
Object, 5, r, and e being all negative and 
equal, and 7 inconſiderable, we hall have 


— <--2FFTF: © 308.1424 
4 — infinite ; and conſequently 
2 — r 


the Objett is cal diftant: The fame thing 5 
may be done for al other Cafes whatever; 
only remembering to make the proper Alte- 
rations according as 7, , or y are negative 
or infinite, and 2. conſiderable or inconſide- 


rable. 
from one Surface 


The ſecond. Uſe is, 
(either the firſt or ſecond) of /a Lens being 


given already formed, e e DS 


gree of — other Surface muſt 
3 in order to repreſent a given Object 

at 4 given Focus; That is, in the Equation 
before uſed ary dey prey Spare, d, , 
p ander being given, to find e, or e 
ng n to ſiad KR MWhenae we have 


ary 449 
= — 1 — — 
Lara Ae +29 


which will ſerve; for any other Lenſes be- 
ſides double-counex, and any other Rays 


W Aicerging ones, by making ſuch Al- 


terations 
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terations as have been already directed. If 
the firſt Surface of a Glaſs Lens were plane, 
and it were required to find what Degree 
of Convexity the ſecond Surface muſt have, 
in order to repreſent an Object at a Focus 
juſt as far diſtant from the Lens as the Ob · 
Fw itſelf; in this Caſe a is Are to y, and 

1 
nge, and conſequently e= —=—d: 


So that the nnd Surface of the —— muſt 
be made of a Segment of a Sphere, whoſe 
Radius is equal to 3 of the Diſtance of the 
Object. If the Object to be repreſented at 
a given Focus, be vaſtly di tant, d being in 
this Caſe infinite, the Rule is rde to 


ry 
p= —: Whence tis plain, that if in 


pry. 
Glaſs y is greater chan ar, or the * Fo- 
cus be at à greater Diſtance from the Lens 
than twice the Radius of the given Surface, 
. will be negative, and the ſecond. Surface 
muſt be made concaue; and if y be equal 
to zr, is infinite, and the ſecond Surface 
muſt be plane. If the Thickneſs of the Lens 
be ſo great that it ought to be conſidered, : 
we muſt find / from the general Rule. 
The third Uſe is, from the Lens, Diſtance 
of the Object, and Focus being given to de- 
termine the Ratio of Refrattion: That is, 
in the e before uſed dry , dey haps 

= pare, 


l 
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Shen d, 0 and y being given, to find 
Dr 

75 Which gives us 2 * r For P 

FP | 


being found, the Value of p,= IR gives 


the Ratio l coRasT4p to p. As double- 
convex Lens, made of two Segments of the 
ſame Sphere, repreſents, or is required to 
repreſent, a vaſtly diſtant Object, at a Focus 
the Diſtance 4r from the Lens; d being in 
this Caſe infinite, and 7 equal to , and 5 
| 3 if 

equal to 27, we ſhall ive 9 — = 3. 

der. 


and conſequently the Ratio I to Ras 4 to 3; 
whence the Lens is made, or ought to be 
made, of the Medium of Water. It the ow 
Diſtance were zr, we ſhould have p 3, 
to Ras 5̃ to 2, and con aL as 
would be Diamond, If the focal Diſtance 
were 47, then we hayvep=8;-orltoRass9 
to 8, and the Lens is Glaſs, and the ambient 
Medium Mater. But if we are very curious 
in determining the Ratio of Refraction, it is 
done more exactly when the Lens is formed 
into an Hemiſphere, or a plano-convex, and 
receiving the Rays of the Sun upon its plane 
Side, colle&s them in a Point at ſome Di- 
ſtance behind, which muſt be meaſured 
with great Niceneſs ; becauſe in' this Caſe 
our neglecting : * no Error at = 
n 


if2 4 $UPPUEME NT: 
In this Cafe, if the oral Diſtanee is equa] 
to thrice the Radius of the Sphere, d and # 
being infinite, and y equal to ze, will be 
| PZ, or 1 T0 Rs 4 to 3; if y is equal to 
VB EEE Ras 3 to 2; F 
4 then is to Ras 2 to 1 


m» © - 
- * * « as = | * 4 4 K * | | % . © 
2 =» "Mi * W - F " k F 6. — 4. — * * 9 * 7 # * 
4 * 
» - A * 1 PRI — _ 4 


" Gi E * 5 2% 15! 1 als 


V. Ke Prop, W. bre n 


Til: is 3 nd the Pijſtante ur SM 

Hebt ſhould” be placed from a 
given re Rd as that the rk formed by 
re Lei pray bear @ n Nee to 
„ OT 


, * e dagen hs Sen bh carne, 
but omitted ine Nomunſtration; leaving 
ehe Proceſs of che Calculation which nts 

aut that Conſtruction, a Trial of Skil 

We e's, diligent Reader. But becauft my 

n im publiſhing” che Book is to make 

| entirely cafy ; for ar it may prove too 
difficult or giwoursgi 8 4 Tusk to Tome 

wo are (cither not *kilful- enough, or per- 
baps t00 lazy, to go through wir it, I have 

4 Ae ined the following Solurten. 


Kale III. Fg. 6, 7. Tec gen Lans 
BB be 'a Houble Convex; and call A B the 
Radius of the firſt Surface a, CD the Radius 
* the ſeeond Surface b, B D the — 


— 


2 — 22 — 2 — n wa 14 „ wy 


S 2 trad 


— SS 


. 
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of the Lens e, the Proportion of the Ho- 
mologous Lines of the Object and Image as 
to h, and E B the Diſtance required æ, 
at which the Object is to be placed before 
the Lens B, which we ſuppoſe made ot 
Glaſs, and the ambient Medium Air. It is 
plain there are different Values of E B (Z) 
according as the Focus F is affirmative, or 
beyond the Lens, as at Fig. 6. or negative, 
and on the ſame Side of the Object, as at 
Fig. 7. Both which Caſes ſhall be reſpec- 
tively conſidered, and included in the De- 
monſtration. | b | 

By Corol. Prop. XVIII. the homologous 
Lines of the Object and Image are to an- 
other as their reſpective Diſtances from the 
Lens ; wherefore r is to bas E B (S) the 
Diſtance of the Object required to D F the 
focal Diſtance of the deſired Image, which 


is conſequently = But we thall have an- 


other Value of this focal Diſtance from 
Prop.XV. For if we look upon f as the Focus 
of Rays ſent diverging from. the Object at 
E, after their Refraction at the firſt Surface 
of the Lens, and F their Focus after both 
Refractions; and call the firſt focal Diſtance 
Bf, x, and the ſecond D F, —y. Before 
we can find the focal Diſtance D F, which de- 
termines the Place of the Image, we muſt 
firſt find Bf. Now to find B f, by Prop. 
U V 
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V. A ). ah (- EH 
Bf (ﬆ); 5 Shun + 3az + 3ax, 
and Bf (x) = —.— Having found Bf 
the RY . n gives us DF, 


TP +343 — | 
= Tce T3 


4-305 Fes be + — ch 


- 238 — 44 | 
b 32 32 —— + : = 
550 wi 2 — 24 Bo wh 
). DF 
2 — 243 * 


(9); whence + 3azy + c + by 
+ 2acy T 2aby = 6abz — 2c I 
2bzy + 4abc + qaby, and DF (=) 
—__ 6abs —2bcs Fqaabe © 
4 zas Hes + 3b + + 24c Þ Gab 
fore comparing the two Values of DF 


together, we have this Equation = = =% 


6abs — 2bcs + ＋ 4abc 
© 30s & c2 T 3bs + 246 + 6ab* 
+ 3abz? + ea + 3bzs* + 2abcs 7 
6abz* = bab — 2bcrs + 4aber. 
From whence we have zz 


or 


6abz —' 2 I 6arz TL 2105 = 4arc: 


And 


3a—c+36 


There- 


| 
{ 
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And if the Thickneſs of the Lens be neglect- 
ed as ineonſiderable, all the Terms where 
C occurs vaniſhing, we have 38 = 


6abz + 6arz and conſequently EB (z) 


34 ＋ 35 


24 La 
— a+b 0 9. E. 1. 


[Plate II. Fig. 22.] If then we would 
conſtruft this Equation, we have this Pro- 
portion given us for that Purpoſe, a + b : 
b+r-:: 24: 2. Taking therefore A B 
equal to a, and B C in the ſame right Line 
equal tob; from C draw at pleaſure the 
indefinite right Line C M, upon which cut 
off CD equal to CB (5), and from D on 
either Side take D M, or Dm ſuch, that 
it may bear the ſame Proportion to D C, 
which the Homologous Lines of the Object do 
to thoſe of the Image. Join A M, or Am, 
to which thro B draw BE, or Be, parallel; 
and twice ME, or twice me, is the Di/tance 
required in the Problem. For AC (a+b): 
MC, or mC (Hr): : 2AB (za) 2ME 
or 2 me (g). And conſequently the Con- 


ftruftion gives the true Value of 2, as be- 


fore found. O, E. D. : 
The ſame Problem, of magnifying or di- 
miniſhing a given Object by a given Lens, 
in any aſſigned Proportion, may be ſolved 
trom the Equation above given, for finding 


the Focz of all ſorts of Lenses, which if ex- 


\\ ae: preſſed 


©, * — — E 
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preſſed in the Characteriſticks in preſent 


pabz 
Uſe, is py =—— For ſuppoling as 
az+bz—pab 


before, 7 to h expreſſes the Proportion which 
the Bomologous Lines of the Object are re- 

uired to bear to thoſe of the lmage, and 
tis deſired to find > the Diſtance of the Ob- 
ject from the Lens, which is neceſſary to 
perform the Conditions required: By Corol. 
Prop. XVIII. we have another Value of the 


focal Diſtance y == * Whence comparing 


by pabz 

both together we have — — 

a2 N＋ bz—pab, 
and conſequently if the Focus is to be affir- 
mative 2 E =, but if pab be great- 
er than ag., then the Focus is nega- 
tive, or on the ſame Side with the Ob- 
ject, and this negative focal Diſtance is 

pabs 

— &3—bz.|-pab 


pt = That is, if the Lens be Glaſs, 


, and conſequently. 2 = 


» Where it is to be obſerved, 
that 


WW TT, RT RY 
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that if the Image is repreſented on the con- 
trary Side by a double-convex Lens, or at an 

affirmative Focus, it may be made either 
equal to, greater or leſs than the Object in 
what Proportion we pleaſe; but if it is re- 


' preſented on the ſame Side, or at a negative 
Focus, r muſt always he: leſs than , and 


conſequently the Image may be ſhewn lar- 
ger than the Object in all the Degrees ima- 
ginable, but never leſs, nor equal; for 
when b is equal to r, and the Focus nega- 
tive, à is o, and when þ is leſs than 2, 
Z is negative and impoſſible. 

Nor is this Solution confined to the Caſe 
of double Convexes only, tho'made for Lenses 
of that Figure, but will with proper Alte- 
rations extend equally to Lenses of all other 
ſorts whateyer ; only obſerving to change 
the Signs -|- or — with which the Radius 
of a concave Surface is affected, or making 
the Terms infinite where the Radius of a 
plane Surface occurs; becauſe it has been 
ſhewn before, that the Radius of a concave 
Surface bears a contrary Sign to that of a 
convex, and the Radius of a plane Surface 
is infinite. If then the Lens be a concacu- 
convex, or Meniſcus of Glaſs, and the firſt 
Surface concave, the Rule for both Caſes, 
whether the Focus is to be. affirmative or 

— 2ab + 2ar | 
; and if the 
—aTb 


negative, is = 


ſecond 


* 7 
J a * * 
= 
9 = 


158 4 SUPPLEMENT 


ſecond Surface be that which is concave, 
then for the affirmative and negative 
Foci reſpectively, the Rule becomes 2 = - 


— ——ä— Wbere it is to be obſerved, 


that in the firſt Caſe if the Focus be affir- 
mative, 4 muſt be greater than 5, or elſe 
2 will be negative, and the Problem im- 
poſſible ; and if the Focus be negative, and 
b greater than r, then muſt à be ſtill greater 
than 5; but if þ be leſs than ry, then @ muſt 
be leſs than h, or elſe the Problem will be 
impoſſible: And in the laſt Caſe, if the Fo- 
cus be affirmative, and 5 greater than x, 
then bþ muſt be greater than a, and vice 
verſa ; and if the Focus be negative, b muſt 
ſtill be greater than a. Which ſhews that 
in the Caſe of a Meniſcus turned on the 
concave Side towards the Object, the Image 
can never be repreſented at all on the op- 
polite Side, unleſs the concave Surface be a 
Segment of a larger Sphere than the convex, 
and then it may be ſhewn in what Propor- 
tion to the Object we pleaſe ; and if it is to 
be repreſented on the ſame Side with the 
Object, and magnified, the Radius of Con- 
cavity muſt be ſtill larger than that of 
Convexity,- and vice verſa, if the Image is 
to appear diminiſhed, And in like manner 
may be underſtood what will happen upon 
turning the convex Side of the Meniſcus 25 

| wards 


\ 
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wards the Object. If the Lens be a double 
concave of Glaſs, the Focus being in this Caſe 
always negative, we have but one Value of 
2ab— 2ar 
—a—h 
when r is greater than ;; whichſhews that 
a double-concave can only diminiſh. If the 
Lens be a plano-convex of Glaſs, it will be 
28 = 20 + 2r; which ſhews that in this 
Caſe the Obje& may either be magnified or 
diminiſhed, if the Focus be affirmative, but 
only magnified if it be negative. It muſt 
be noted, that if the ſecond Surface, whoſe 
Radius is ij, were ſuppoſed plane, we ſhould 
have 3= 243 becauſe h not only ſtands for 
the Radius of that Surface, but alſo expreſ- 
ſes the Ratio of the Image to the Object, 
which is conſequently in this Caſe infinite, 
and the Image vaſtly diſtant. If the Lens 
be a Plano-coneave of Glals, the Focus being 
always negative, we have only one Va- 
lue of z, which is z= — 2b ＋ 27; which 
ſhews, that a plano-concave can only di- 
miniſh. N 
It may be remarked, that thoſe Caſes 
which make the Diſtance negative, and 
the Problem impoſſible for the given Lens, 
may by means of another Lens be made 
practicable : If we firſt receive the Rays of 


the Object upon this ſecond Lens, —_ 
ore 


2, which is affirmative only 


" A * * 
_ * - | S ry n WY 8 n 
- "EF? = 
* * , | 
L 
. . 


_ 
k i 
— 
— 
n _ 
— — — — 1 —— * * 
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ths 
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fore they are collected at the Focus throw 
them upon the given Lens, in ſuch a man- 
ner as to make them fall converging to a 
Point behind the firſt Surface of the given 
Lens, at the Diſtance of the negative Value 
of 2. ous 

If the Lens were a double-convex 7 Va- 

eee 
fer, 2 being =; r 


if of Diamond 2 2, if of Glaſs | 


a-\tb 
in an ambient Medium of Vater 2 = 


8abi-8ar . ; ; 
> 5 if of Diamond in an ambient 
ab +ar 


Medium of Water z=———=—, and con- 


formably in all other Caſes. 

If the Image be deſired juſt as great as the 
Object, then for a double-convex of Glaſs, 
being equal to h, the Rule gives the 


: 1 Rd ab 3 
Diſtance required — ; Where it is 


ab * 
plain the Problem is only poſſible when the 
Focus is affirmative. If the Lens were equal- 
dy convex, b being in this Caſe equal to a, 
there will only be one Value of 2, and that fer 
an affirmative Focus 3 = 24 : So that if the 
Object be placed at twice the Diſtance 


of the Radius from the Lens, the Image 
formed 


FE A£/2BRr = nun Soflc emo CSAEST T4... 


. | i" n — * 
N - | 
* 
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formed at its Focus will be juſt as great as 
the Object. If the Homologous Lines of the 
Image were deſired twice as large as thoſe of 
the Object, r being in this Caſe equal to 20, 
for a double-convex of Glaſs the Rule gives 
2ab T ab | 
Z—= — —, and if the Lens be equally 
a - | 

convex Z= 3a or z, according as the Focus 
is affirmative or negative, ſo that an Object 
placed at the Diſtance either of 2 or only + 
the Radius from the Lens, is repreſented ar 

a Focus, either affirmative or negative, 
twice as large every way as the Object, or 
the Image in its whole Content will be four 
times as large as the Object. If the Homo- 
hgous Lines of the Image were defired twice 
as ſmall as thoſe of the Object, r being in 
this Caſe equal to 2b, the Rule gives for an 
equally convex Lens only one Value of the 
Diſtance S za, a double-convex being 
only capable of repreſenting an Object di- 
miniſhed, when the Focus is affirmative. 
If the Image be defired an hundred times 
larger than the Object, or its Homo/ogous 
Lines ten times as large, r being in. this 
Caſe equal 76, if the Levs be equally. con- 
vex, theRule gives the Diſtance S 1 7; 4, 
or , according as the Focus is affirmative 
or negative. And in general if m to u ex- 
preſs the Proportion which 7 bears to h, the 

| pab & par. 
Rule laid down at firſt ————, becomes 
E - a+b 
X pab 


- 
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pab +-p - ab, and if the Contexity be equal, 


"FTA 
it is z=2 pa+*p 4. From all which it 


appears, that with a Lens equally convex on 
both Sides, in order to magnify a given O- 
ef, the Diſtance is always ſomething great- 
er than 4 pa, when the Focus is affirmative, 
and always leſs than 3 pa when the Focus is 
negative, unleſs the Ratio of the Image to 
the Object be infinitely great, and then be- 
ing infinite, tis 2 = pA: That is, in Glas 
the Diſtance of the Object muſt always 
exceed the Radius, if the Focus is to be 
affirmative, or fall ſhort of it if negative, 
and be equal to it when the Image is to be 
infinitely great, or vaſtly diſtaht. And in 


order to diminiſh a given Object - in this 


Caſe exceeding Unity, the Diſtance, which 
has but one Caſe here, is always greater 
than pa; and the more 2 exceeds pa, the 
more the Object is diminiſh'd, and vice ver- 
fa, till 3 becoming equal to Pa, the Object 

and Image are likewiſe equal. 
All this is eafily obſerved in that com- 
mon Experiment of the Camera olſcura; 
where the Rays propagated from external 
Objects are received by a Lens, and tranſ- 
mitted into the Room, and do there paint, 
upon a white Sheet placed at the focal Di- 
Ws | ſtance 


4 
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ſtance of thoſe Rays from the, Lens, the 
Images of their reſpective Objects, in Co- 
lours ſcarce leſs lively than thoſe of the 
Objects themſelves. And hence this Pro- 
blem of magnifying. or diminiſhing. a given 
Object, may be of great Uſe in Painting; 
for by admitting the Image of any Object 
by means of a Len into a dark Chamber, 
in what Ratio to the Life we pleaſe, tis 
eaſy to hit the Proportion of every Part 


with great Exactneſs, which is otherwiſe 


but ſeldom done, eſpecially in ſuch Pieces 
where the Figures are either much greater 
or much leſs than the Life... Tis true, theſe 
Images that are repreſented. in the dark 
Chamber by a ſingle Lens appear inverted, 
but may be made erect by uſing a ſecond 
Leus after the following manner: Place the 
O0bjett at ſuch a Diſtance from the firſt Lens 
in the Window, that the Image formed by 
that may be juſt as big as the Life ;.. then 
beyond the Place of this Image fix che given 
Lens at the Diſtance required 2; this will 
form an Image of the former Image which 
ſhall be in the Ratio aſſigned, and alſo erect, 


m—__ + 


Conſtruction of the Magick Lantern, and 
other optical Machines, where the Images of 
any Objects are to be repreſented mon- 
ſtrouſly larger or leſs than the Life. 


X 2 VI. 
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VI. Ar Prop. XXIV. Prob, XVII. 


Hich is, To make a concave Speculum 
| of Glafs q given Thickneſs \ the 
Radlns of whoſe Concavity is alſo piven, in 
fach a manner, that parallel Rays reflet- 
ed from the firft Surface of the Speculum 
may meet in the ſame Point of its Axis 
_ with thoſe that paſs refrafted into the 
Speculum, and are refratted from the 1 cond 
Surface, and again refratted at their 
fron from the Speculum. Or the firſt Surface 
of a concave Speculum being already formed, 
to determine of what Sphere tis neceſſary 
to take a Segment to form the ſecond Sur- 
face in ſuch manner, that an Objet? vaſth 
Aiftant may be repreſented by Reflexion 
from both Surfaces in one and the ſame 
Place, or that the two Images may'be uni- 
ted, and conſequently be made more lively. 
The Author has given two ſeveral Conſtruc- 
tions of the Problem; the firſt exact, and 
the other only near the Truth, but more 
expeditious: But for Reaſons already men- 
tioned he has omitted their Demonſtration, 
which is as follows. 9 


(Plate III. Fig. 8.] Let AB be the given 
Radius of the firſt Surface, and BD the 


given Thickneſs of the Speculum, and CD 
the Radius required of the hindmoſt _ 
. ace 


1% 


2 —_—_— —— 
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face neceſſary to perform the Conditions of 
the Problem. Suppoſe the Point f in f D, 
the Axis of the Speculum to be the Focus of 
the parallel Rays, after Refradction at their 
Entrance into the firſt Surface, e their Focus 
aſter Reflexion from the ſecond Surface, 
and F their Focus after Refraction again at 
their Emerſion from the Speculum ; tis re- 
quired that the Point F ſhould be the ſame 
with the Focus of the ſame parallel Rays 


after their Reflexion from the firſt Surface. 


Call the given Radius A B a, the given 
Thickneſs B De, the firſt focal Diſtance 
B fo, the ſecond Dex, the laſt focal Di- 
ſtance BF y, and the required Radius of 
the hindmoſt Surface C DZ. We muſt 
find theſe focal Diſtances one aſter another, 
in order to determine the laſt BF, which 
muſt be equal to the focal Diſtance of 
parallel Rays reflected from a concave Spe- 
culum. For the firſt then Bf, by Prop. XIV. 
Bf (o): FA (-): : I: R:: (in Glals) 
3: 2; whence Bf (o) za. And for the 
ſecond Dee, by Prop. IV. De (&): C 


(Z-): Df (3a c): fCati—s); 


whence zar e -=; wes 4p 
and conſequently way (x 8 * 
Laſtly, to determine the focal Diſtance 
BF after both Refrattions at the firſt Sur- 


face, and the Reflexion from the laſt, by 
'Propofit. XV. the Emerſion being out of 


Glaſs 
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32 — c 


Glaſs into. o Air T —— 5 


* 
64 + 8c — 44 E 2CC — 202) A 
p 124 + 46 — 28 CR 


= KS 5 £5. SC CRORE 
ener 8 P = 2 
348 ＋ 202 — S Y— 20 + 2Y - CAC— 2CC 
64 ＋ 20 — 8 uh 
BF (); whence 6aay + 8acy — gazy -|- 
20CCy — 200 = 64AZ + 4AC2 — 12449 — 
qacy +2a2y —1 „ e and conſe- 
LLC C2 
quentiy B FO gad tr =- 3 e= cg. 
Now this muſt be equal to the focal 
Diſtance of parallel Rays reflected from 
a concave' Speculum, which by Prop. III. 
is juſt half the Radius; whence we 


have another Value of BF (5) = 


And comparing both together, we have 


34az +2463 — aac == 24cc _ a oh 


2 ＋ 6860 — zas cc - 2 
as ＋ es — 1846 — ce gaa, and con- 
Dann the Radius required CD (2) = 


da A ISac T 5CC 
EE AL 


9a +50 | 


Hg. 3. If then we Sh conſtruct this 


v of CD (2), we ye the following 
Propor- 


$4 
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Proportion given us for that Purpoſe gg -1- 5c 3 
aa ISN cc:: /gaatI846+5cc: 
z. Wherefore making the rectangular 
Triangle MLK in ſuch manner, that LM 
ſhall be equal to 9 5c, and LK equal to 


Jaa +18ac +5cc ; and then drawing 
from K the Perpendicular S K, the right 
Line LS is the Radius required. For by 
Element. VI. 8. L M (ga ＋ 5e): 
LK (Ja + 184c H Sc) :: LK 
(Vgaa +18act+5cc): LS (=). And con- 
ſequently the Conſtrudtion gives the true Va- 
lue of CD () as before found. O, E. D. 

Fig. 4. The Radius required is alſo ca- 
pable of another Conſtruction; for making 
an actual Diciſion of gaa +18acT cc by 


ga T 5c, * Numer IS 4 * 94 I 56 
And if A B (a) be ſufficiently great in re- 
ſpect to BD (e), the Term 56 in the Deno- 
minator of the action may be neglected; 
and then it becomes S A gc, whoſe 
Exceſs above the Truth is not at all ſenſible. 
Wherefore taking DO equal to# of BD(c), 
and making A C equal to DO, CD 
(age c) is very nearly the true Value 
of the Radius required. O. E. D. 

To ſhew how near this laſt Value of 
2Z=a+c+tcisto the Truth, if we ſuppoſe 
the Thickneſs of the Speculum to be 5 of the 
given Radius of the firſt Surface, which is 

very 
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very conſiderable : In this Caſe the exact 

LIZ 1-2 Ls %o _4ac 0 | 2 | 
value TS nn 55 but Toe © 
or nearly , 2 leſs than its Value found 
by neglecting 5c in the other Equation 
S$=a+c Ac, a Difference not at all con- 
ſiderable in phy/ical Matters. 


If e be ſuppoſed equal to za, which is ſtill 
a far greater Suppoſition, even in this Caſe, 
the Value of the Radius 2 taken from the 
laſt Equation's =@+ c gc, is but % 4 
or very nearly A, 4 greater than the Truth; 

which is an Exceſs not very ſenſible, unlefs 

a be extremely great. But if the 'Thickneis 

be greater than in this laſt Suppoſition, it 

will be convenient to take the Value of the 

Radius required from the exact Equation 

* + Inno | 

SPBPTCE LF * As, if c be equal 
to za, the Radius required is 1434; which 
is about 2 leſs than what it would be if 
ze were neglected, If c be equal to a, the 
Radius required is 274; which is about 
za leſs than it would be if 5c were neglect- 
ed. If the Thickneſs be ſo conſiderable 

as to be equal to thrice the given Radius of 
the firſt Surface, then the Radius required 

is 424. = 


Hence likewiſe, if the Radius of the laſt | 


Surface be given, together with the Thick- 


neſs of the Speculum, we may find the 254 
ius 
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dius of Concadity neceſſary to unite the two 
Images of a vaſtly diſtant Object made by 
Reflexion from both Surfaces. For if c be not 
very great, we ſhall hive 2 2 — -c, 
as near the Truth as need be required in 
Practice: For if we had the exact Value 
of a, we could not in Practice grind the 
Speculum to the due Concavity, even ſo 
near as the Value juſt now given. If c be 
conſiderable, the Value of @ muſt be found 
from an Equation of an higher Degree 
044 — gag + iS = es — cc; Which 
if it be contracted, by putting p for 20 — 2, 


will give a = 4p e h, 


the Sign-of £p being either — or +, ac- 
cording as 2c is greater or leſs than Z. 
After the ſame manner, having the Radius 
of both Surfaces given, we may find what 
Thickneſs of the Speculum is neceſſary to 
unite the two Images of a vaſtly 40. nt 
Obedt, formed by Reflexion from both 
Surfaces, by means of the following Equa- 
tion, 5cC + 184C — 5g = gag — gad ; 
which if it be contracted, by putting 
7 for 342 — 2, will give c = + 49 + 
a — gad +444. 
5 F 


AY 


Y VII, 


| 
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VII. A more particular Account of M. 
CROSCOPES and TELESCOPES, 
from Mr. Huygens. | 


| — PRO p. I. 


No explain the Effrbtr and Uſes of 
ſingle Microſcopes, and the Manner 
of making little Spheres and Lenſes. 


_ [ Fip. 9, 10..] Let N be the Lens QRQ, 
the Object at its Focus R, O the Eye ve 
near the Lens. The Rays coming from Nil 

aſter their Refraction fall parallel upon the 
Eye, and conſequently make diſtinct Viſion. 
For the Fabrick of the Eye, having its focal 
Diſtance juſt at che Bottom of it upon the 

Retina, requires that the Rays from each 
fingle Point ſhould fall nearly parallel in or- 
der to be there collected; that is, that the 
Baſis of each Cone of Rays flowing from 
every Point of any Object, which Baſis is 
the Pupil of the Eye, ſhould bear ſo ſmall 
4 Proportion to the Length of the Cone, 28 
that thoſe Cones may be looked upon as lit- 
tle Cylinders. (The Diſtance indeed requi- 
ſite for diſtin& Viſion is not limited to a 
Point, but is indulged in larger Bounds; 
becauſe Nature has farniſhed us with the 
Power of contracting the Pupil as the Ob- 

i 


) 
| 
b 
b 
| 
{ 
( 
a 
6 
l 
˖ 
| 
{ 
f 
7 
1 


to Dr. GREGORY's Optics. 171 


comes nearer, and ſo diminiſhing the 
Baſis of each Cone i in, proportion, and con- 
ſequently of preſerving diſtia& Viſion ; but 
this is only to a certain, and that no ver 
great Degree. J But the Object QRQ will 
appear in the ſame Magnitude as if the 
Lens. N were removed, — a Plate with a 
ſmall. Hole in it ſubſticured in its Place, 
namely under the Angle QAQ. So that all 
that the interpoſed Lens does in this Caſe, 
is only making diſtinct Viſion, which would 
without the Lens be confuſed. - But ſince at 
the Diſtance ſuppoſe of 8 Inches from the 
955605 a, naked Eye has then diſtinct Vi- 
lion ; the apparent Image may be ſaid to be 
ſo much magnified as thoſe 8 Inches exceed 
the little Space NR, or the focal Diſtance 
of the Lens N: Which if it be equal to 3 of 
an Inch, the Appearance of the Image en 
diſtinctly by the Microſcope is to that ſeen 
diſtinctly by the naked Eye, as 40 to 1. 
Therefore the leſs the focal Diſtance of the 
little Zens N is, the greater will its Effects 
be in dilating the re of a ſmall Object; 
though there are ſome Inconvenieaces (to 
be mentioned afterwards) which here offer 
themſelves, and forbid our going beyond 
ſome certain Limits. And the. ſame ne 
happens to little, Spheres, which may be uſed 
for ; Lenſes, and might; otherwiſe be made 
as little as we pleads Buc theſe ſmall Spheres 


are inferior to little 5. upon this Ac- 
$51 count, 
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count, that for the ſame Degree of magni- 
fying, if both be made of Glaſs, the-Lenſes 
are three times more diſtant from the Ob- 
ect than the Spheres; and by that means 
1 a ſufficient Space for the lateral Light 
to enter, and make the Colours of the Ob- 
ject viſible; whereas otherwiſe we are for- 
ced to turn the Microſcope directly againſt 
the Light, and can only then diſcern dif. 
tinctly fuch Objects as by their T hinneſs are 
pellucid. 
The Effects of a little Sphere, and what 
has been ſaid concerning the three times les 
Diſtance, is thus demonſtrated. Fig. 11. 9. 
Let there be a Glaſs Sphere whoſe Center 
is K, and its Axis AB, in which produced 
on both Sides the Eye is placed at D, and 
the Object at C, each of the Diſtances A D, 
B C being taken equal to halt the Radiu 
AK: And conſequently the Point C is the 
Focus where Rays falling parallel to the 
Axis A B, upon the Sphere at A H are after 
Emerſion collected; as is ſhewn in Article 
IV. of this Supplement. ' Wherefore an Ob- 
ject placed at C will ſend Rays upon the 
Sphere, which will after Refraction be re- 
' ceived parallel by the Eye, and conſequently 
make diſtin& Viſion. But by Prop. XIV. 
if we take the Point F ſuch, that FA may 
be equal to the Radius A K, the Point F is 
the Focus towards which parallel 'Rays after 
\ at the firſt Surface BG do tend. 


in 
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in their Paſſage through the Sphere, and 


from which they are diverted after Refrac- 
tion at their Emerſion, and collected at D. 
Make G E parallel to the Axis, and com- 
prehending the Portion of the Object CE, 
and draw the right Line ED. The Ra 
then E G being refracted at &, p 
according to G F; and being again refracted 
at H, goes on to meet the Eye at D. 


Wheretore the Line C E is ſeen under the 
Angle A DH, which would appear to the 
naked Eye under the Angle CDE; which 
1fay is but the half of the former. 
For becauſe A F is double of A D, the 
1 ADH is double of AF H. But DF 
Hel to EG, becauſe GE is both pa- 
2 el to FD, and to de looked upon as equal 
to it, or to the right Line BC; becauſe CE 
is to be a Line very ſmall with reſpec to the 
Diameter of the Sphere. Therefore the An- 


gle AD H is alſo double of the Angle CDE, 
and conſequently equal to the Angle CKE. 
From whence it is plain, that to the Eye 


laced at D the Line CE will appear under 
the ſame Angle in which it would appear 
to the naked Eye ſeeing from the Point K. 
Whence if the Diameter of the little Sphere 
A B were r of an Inch, we ſhould have K C 
= 7; of an Igch; which is to the Diſtance 
of 8 Inches in the Proportion of 1 to 138: 
So that the increaſed Magnitude of the Ob- 
ject would be as 128 to 1; which is indeed 
very 
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very conſiderable. But if NR, the foca/ 
Diſtance of the Lens, be equal to the right 
Line K C, we have ſhewa that by thi 
means the Object RQ would be ſeen in the 
ſame Magnitude as if the Eye were placed 
at N without the Lens; nor in the uſin 
this Leps will the apparent Magnitude be 
any ways changed, in whatſoeyer Part of 
4 Axis R N praduced the Eye be placed. 
Therefore tis plain the ſame Degree of Mag- 
nifying, and the ſame Effect every way, is 
performed equally by the Lens N and the lit- 
tle Sphere A B. And it is moreover mani- 
feſt, that the Diſtance RN, being taken equal 
to K C, is equal to thrice B C. ©, E. D. 
M are nexs to explain the Manner how 
little Spheres and Lenſes may le prepared 
J oor 
The leſs Spheres are to be, the cafier 
they are prepared, after the following man- 
ner. Take the ſmalleſt Fragments of 
Glaſs, and hold them to the lower part 
of the Flame of a Candle, 'where the pluiſh 
Colour is diſcernible, that they may grow 
red hot; and then if they be taken up b 
the fineſt Steel - Wire that can be got, an 
dexterouſly turned, they will be formed into 
Globules, which are large enough it equal 
to a Grain of Muſtard- Seed. Out of ſeve- 
ral thus prepared, you will find ſome very 
good; which may be tried by including 
them in a Braſs-Plate, and is thus * 
: | ake 
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Take a Plate of the thinneſt Braſs the Breadth 
of a Finger, and twice as much in Length, 
and bend it double; perforate-this Rectan- 
gle in the middle with che Point of a Needle, 
and rub the oppoſite Holes ſmooth with a 
Whetſtone, that no Roughneſs may remain 
about the Edges, and black them with the 

Smoak of a Candle, that no Brightneſs 
continue within. but the little Sphere, 
adhering to the Steels Wire, into the Holes 
within the Beaſe-Plate, and fix it there; by 
faſtening the two Leaves of the Plate toge- 
ther. Aſter this manner you may make 
ſeveral Microſcopes with great Eaſe, out of 
which you may make choice of thoſe chat 
are beſt. 

The principal Uſe of this fort' of Micro. 
ſcopes is, to look at Corpuſcles that are pel- 
lucid. And they are placed in a "Machine 
made in ſuch manner, that by turning a 
Screw they may approach to or recede from 
the Object, and ſo be brought to the due 
Diſtance, which is requiſite for diſtinct Vi- 
ion. And to this it conduces very much, 
that the too great Light be reſtrained, and 
only admittef through the Hole, which is 
oat four kimes the Diſtance from the Ob- 
jet, For by this means the Aperture of 
the Lens is better limited than by the 
Breadth of the contiguous Hole, which 
there is no Neceſſity at all of ſtraitening. 


The Eye muſt be brought as cloſe 9 = 
ittle 
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licele Sphere as may be, that it may co 
prehend the greater Space. 

The Corpuſcles or Drops of Liquors which 
are to be looked at, are put upon a little 
eircular Plane of Glaſs, which is made to 
flide laterally every way, that we may bring 
every Part of the Object to be viewed ſuc- 
ceſſively. Some attract the Liquor to be ex- 
amined into capillary Tubes of Glaſs, ſo ſmall 
as ſcarce to admit an Hair, which has like- 
wiſe its Uſes. But in uſing thoſe little Lenſes 
before mentioned, Care muſt be taken, that 
while by means of another Lens on one Side 
we caſt Light upon the Object, the Hole of 
the Aperture may be exactly limited, by 
trying how much it may lie open without 
being an Hinderanee to diſtinct Viſion. For 
here the Points of Corpuſcles emit Rays of 
Light, and are ſo many radiant Points, 
which. is quite otherwiſe in thoſe pellucid 
Corpuſcles that are looked at through little 
Spheres, where the Objects intercept the 
Light, not emit it. 

The Effects of this fort of little Lenſes 
and Spheres are very wonderful, as may be 
ſeen from thoſe Experiments with chem 
which have been made publick, and from 
which our Knowledge of Nature has re- 
ceived very great Light and Information. 
By theſe the circulatory Motion of the Blood 
has been put beyond Controverſy, which 


- our Lewenboek, * moſt dilligent d | 
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of theſe Matters, has ſhewn me in the Tail 
of an Eel, to my very great Satisfaction 
and Delight. For the Blood appears pellu- 
cid, and conſiſting of reddiſh Globules, and 
runs through the Channels of the Arteries, 
which are continued to the Veins with a 
very rapid Motion, Which without doubt 
might be obſerved in all other Animals, if 
we could find out ſuch Parts in them as art 
pervious to the Light. He put the live Eel 
into a Glaſs Tube half full of Water, to 
which he externally applied the Microſcope 
at that Part where the Extremity of the 
Tail touched the Tube. | 

Tis alfo very pleaſant to obſerve the 
Animalcala that ſwim in Drops of Water, 
in which we have infuſed Ginger, Pepper, 
or ſomething elſe of an hot powerful Odour 
for ſome Days : They are of various Forms; 
and ſome leſs than others; their Motions 
are wonderful, and for their Size ſufficiently 
quick ; -nor is the Inſtrument apparent by 
which they perform them, for they have 
neither Legs nor Arms, nor do they bend 
their Bodies like Fiſhes. For the little Eels 
in Vinegar, which are much larger than 
they, ſwim like thoſe in the River, in which 
it is very much to be wondered that they 
ſhould generate little ones of themſelves. 
For I ſaw one which had four young ones 
within it (for they are altogether pellucid) 


end after it had been kept in the Tube for 
Z ſome 
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ſome Hours, brought them all forth, every 
one of Which did afterwards! ſwim by it 


ſelf. . 
It is very probable that thoſe Auimalcu- 
{a which 1 have ſaid move about in Water, 
are invited thither out of the Air by the 
Odour of the Infuſion. For the ſame Figures 
appear upon macerating ſeveral things in 
Water; but if the Veſſel be covered, none 
at all appear. Nor is it difficult to conceive 
how they ſhould be ſupported in the Air, 
when they are ſo much ſmaller than che fineſt 
Duſt that is. So that perhaps we draw 
many thouſands of them into our Lungs 
every time we fetch our Breath, without 
knowing it. Nor would it be uſeleſs to ob- 
ferve at what time of the Year they appear 
in greateſt Numbers, and whether they en- 
creaſe in a vitiated Air. Milk appears to 
conſiſt of ſmall pellucid Globules twimming 
ina Liquor likewiſe pellucid, but of a diffe- 
rent Refraction; and hence it is that it ap- 
pears white, though it contains no other 
Matter but what is perfectly tranſparent, 
and without Colour. | | 
I omit thoſe many wonderful Forms of 
minute Inſects; the Wings of Butterflies 
and Gnats, covered with little Feathers ; 
the Powders obſerved in the Middle of 
Flower- Tops, which are nothing elſe but 
Iittle tranſparent Bladders, filled with that 
Matter of which the Bees make their * 

N\ an 
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and which they carry between their Legs 
into their Hives, But what ought to de 
jooked-upon as the moſt wonderful and aſto- 
niſhing of all is, that an immenſe Multi- 
| Þf tude of Animalcula are diſcovered to ſwim 
In the Semen maſculinum, after the manner 
of little Fifhes, almoſt of the ſame; Figure 
vith a Frog newly formed, and yet without 
Legs. Which Auimalcula, Imake no que- 

ſtion, enter the O22 mulicbria, and are the 
KAudiments of what is brought forth from 
' WW thence. There are ſeveral, Conſiderations 
which confirm this Opinion ; nor is it any 
' WY great Objection, that out of ſo great a Mul- 
titude either few or only one of them comes 
to Maturity, and grows to be an Animal; 
nee the ſame abundance and ſuperfluous 
Fruitfulneſs. is equally obſervable in moſt 
Seeds of Trees and Herbs, as of Firr, Pop- 
pies, Cc. 

Theſe Animalcula, by reaſon of heir 
wonderful Smallneſs (for even ten thouſand 
of them are not equal to the ſmalleſt Grain 
of Sand) ought to be looked at through ſuch 
Glas. Globules as have the greateſt. Power 
of ay. uh 


we SHI a» . 
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PRO p. IL 
T7 0 explain the Efetts of Compound 


M1cRroscoPes. 


W. come now to ſpeak of compound 
Microſcopes, by the Help of which 
ſuch Objects as are not tranſparent are look- 
ed at, and their true Colours diſcovered, 
and that much better and more commodi- 
ouſly than through ſingle Lenſes. 


[Hg. 12. 13. ] Suppoſe the Microſcope be 
a double one, conſiſting of two Lenſes, one 
leſs A, and another greater B. Why we 
diſpoſe them ſo, we ſhall afterwards ex 
plain. And let B be the ocular Lens veareſ 
the Eye, placed ſuppoſe at C; A the Object 
Lens neareſt the Object placed ſuppoſe at E; 
and A BC the common Axis of both Lenſes 
There will be two Caſes, as may be ſeen 
repreſented in the two Figures to which this 
Prop. refers. In the firſt, Rays proceeding 
from a ſingle Point E of the Object, and 
falling upon the Zens A, are refracted by it 
and again united in the-Point P, and there 
interſecting one another, and proceeding 
towards the Lens B, are by it retracted and 
made” parallel, and ſo enter the Eye at C, 
and by that means make diſtinct Viſion. "Tis 


neceſſary therefore that AE, the DO 
0 
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of the Object, ſhould be greater than AQ, 
the focal Diſtance of the Lens A. And 
the Focus P muſt be found by Prop. XVI. 
or by making EQ, EA, EP, in a continual 
Proportion. But the Lens Bi is to be ſo pla- 
ced, that its Focus on that Side —— A 
may fall exactly upon the Point P, in order 
tbat the Rays may be made parallel after 
Refraction at the Lens B. All which is eafily 
done by what has been before demonſtrated, 
The other Figure (13) repreſents the ſeveral 
Rays DAG, FAH, EA B, proceeding from 
fferent Points of the Object. Ais che middle 
Point of the Leut, and AP, AB, AC, are 
made in a continual proportion in order to 
determine the Place of the Eye C; for by this 
means, however ſmall the Aperture of the lit- 
tle Lens A may be, the whole Lens B will 
nevertheleſs be filled with the Image of the 
Object, becauſe the Rays falling from A upon 
the whole Leys B are collected in the Point C. 
[Hg. 13.] But the Proportion of the ap- 
parent: Magnitude to the true will be found 
by drawing the right Line CF. For the Pro- 
ion required will be the ſame to that 
which the Angle BCH bears to the Angle 
ECF; which Proportion is compounded of 
the Proportion of the Angle BCH to BAH, 
and of the Angle B AH or EA F to the 
Angle ECF. But the firſt of theſe is the, 
fame with the Proportion of the right Line 


ABto BC, and the laſt that of * | 
E 
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E A; becauſe Angles that are ſmall are: + 
looked upon to be to one another as their 
Tangents. Therefore the Proportion of the 
apparent Magnitude to the true will be com- 

unded of the Proportions A B to BC, or 
AP to P B (for AP, A B, AC, are in a 
continual Proportion) and CE to EA. But 
that the Effects of the Microſcope may be 
more exactly eſtimated, the Angle BC H is 
rather to be compared with the Angle under 
which the right Line EF would be ſeen at 
the Diſtance of 8 Inches from the Eye ; that 
is, with the Angle ELF, LE being taken 
equal to 8 Inches, according to what has 
been ſaid before of magnifying by a ſingle 
Lens. And conſequently the Proportion of 
magnifying muſt be here underſtood to be 
compounded of the Proportion of the Angle 
BCH to BAH, and BAH or EAF to E LF; 
that is, of the Proportion of AP to PB, 
and of EL, a Line 8 Inches long, to the 
right Line E A. For it the Microſcope 
were of ſo great Length, that, for Example, 
CE ſhould be two Foot long, that is, equal 
to thrice the right Line LE, and the appa- 
rent Magnitude to the true were found by 
the former Reaſoning to be as go to 1; yet 
it is not really any greater than as 30 to 1, 
becauſe the right Line E F would only ap- 
pear 30 times greater by the Aſſiſtance of 
the Microſcope, than it would if viewed by 
the naked Eye at the Diſtance of 8 Inches: 
5 [ For 
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For we are not to conſider how much, by 
means of the Microſcope, we magnify an 
Object at the Diſtance of two Foot; but 
how much greater it is made than when 
viewed at that Diſtance to which we bring 
our Eye when we deſire to look at any 
thing more curiouſly, | 


— — 


Of the Liar and APERTVURE of 
 MicrosSCcoPpEs. 


T YPon the Aperture of Microſcopes all 
their Effects and Virtue entirely de- 
pend: So that from hence it is that we are 
to learn to What Degree the magnifying of 
Objects may be brought; which no body 
that I know of has hitherto determined. 
And it will be found that we may here pro- 
ceed ad infinitum, as ſhall be ſhewn in Tele- 
ſcopes, not indeed in a ſingle Microſcope of 
one little Lens, but in thoſe which are made 
by a Combination of more than one. 
Is Microſcopes made of a ſingle Leus it 
is to be obſerved; that if their focal Di- 
ſtance be about half an Inch or greater, there 
will be no oceaſion for limiting the Aper- 
ture in order to make diſtinct Viſion; be- 
cauſe the very Narrowneſs of the Pupil of 
the Eye excludes, as much as there is occa- 
ſion, thoſe Rays that diſturb Viſion, and as 
much as they would be excluded if the Lens 
. were 
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were made to have a leſs Aperture. But in 
ſmaller Lenſes, where this Limitation of 
the Aperture is neceſſary, the Rule is, that 
the Diameters of thoſe Apertures ſhould be 
in the ſame. proportion with the focal Di- 
ſtances of the reſpective Leyſes, in order to 
have the Object ſeen by both equally diſtinct. 
But the Light or Brightneſs will be in a 
duplicate Proportion of thoſe focal Diſtan- 
ces; ſo that the more convex the Lens is, 
the greater indeed, but then the more ob- 
ſcurely will every thing be ſeen. 

[Fig. 14.) Let P be a ſmall Leus, whoſe 
Axis is T BF, P D the Semidiameter of the 


Aperture, which Experience teaches to be 


the greateſt that can be admitted, and that 
leſs than the Pupil of the Eye, F the extreme 
Focus of red Rays (which are leaſt refrangi- 
ble) proceeding parallel to the Axis, in which 
Point ſuppoſe the Object to be placed, and 
B the Focus of gialet coloured Rays, which 
are moſt refrangible, The ſame things be- 
ing ſuppoſed in a ſmaller Lens p, the Semi- 
diameter of whoſe Aperture pd is to the 
focal Diſtance pf in the ſame Proportion as 
in the greater; I ſay the Object will be ſeen 
equally diſtinct in both. | 
For ſince the Ray E D, parallel to the 
Axis falling upon the Lens P, is refracted 
unequally, and divided into its extreme 
Colours by the Angle FDB, ſo that the 
extreme Colour Red paſſes to F, and the 
| extreme 
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extreme Violet-colour to B; it will happen 
on the contrary, that a Ray FD proceeding 
from the Object will be divided into its ex- 
treme Colours by an Angle E DK, equal to 
FDB. Therefore in both Caſes FD B is 
the Angle of Aberration, upon which de- 
pends the Aberration of the Rays in the bor- 
tom of the Eye, as ſhall be ſhewn when we 
come to ſpeak of Teleſcopes. But ſince from 
the Nature of this Abherration, P F is to FB 
as Pf to f; and alfo by Conſtruction PD 
is to PF as pd to pf; it follows that the 
Angles, as well PFD, p fd ac PB D, E B, 
are equal. Wherefore the Difference of the 
Antecedents, PFD, PBD, is equal to the 
Difference of the Conſequences, p fd, pb4; 
that is, the Angle FDB is equal to the 
Angle fab, and conſequently the Aberra- 
tions in the bottom of the Eye are in both 
Cafes equal, and by that means Viſion 
equally diſtinct. 2 —_ . 

Moreover, becauſe the Angles PF D, 
p fd are equal, it is plain that che ſame 
Quantity of Rays in both Caſes proceeds 
from the ſame Points of the Object F 1 
or any others, upon the Lenſes, and from 
thence to the Eye. But the Breadth of che 
Object in the bottom of the Eye is in rhe 
ſmaller Lens ſo much greater as PF is 
greater than pf, as has been before demon- 


ſtrated; and the apparent Surfaces are in 
a duplicate Proportion of thoſe Breadths. 
ö Aa There- 
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Therefore the ſame Quantity of lucid Rays 
expended towards. illuſtrating each Surface, 
will make that which is leaſt the cleareſt 
by ſo much as the other Surface is greater; 
that is, in. duplicate Proportion of PF 
to pf; which yas the laſt thing to be de- 
monſtrated. 1 $4 * 4 n * 

_ Since therefore the ſame Perfection of 
Vion which is to be found in larger Lenſes 
cannot be had in more convex Lenſes with- 
out diminiſhing. the Brightneſs of the Ob- 
je& at the ſame time; it follows that we 


cannot, proceed in. magnifying as much 4 


we pleaſe, unleſs a greater Light be bor- 
rowed ſomewhete elſe to illuſtrate the Ob- 
ject. Nor will this be of any great Benefit, 
becauſe the Latitude at the Pupil of the 
Eye, or the little Cylinder of Rays flowing 
from every Point of the Object, and which 
has here the ſame Latitude with the Aper- 
ture, cannot be contracted farther than the 
fiſth or ſixth part of a Line; ſo that even 
this limits the Efficacy of theſe little Lenſes. 
The Effects of more compounded Micro- 
ſcopes will eaſily be accounted for after the 
ſame manner. And indeed a full Conſide- 
ration of Prop. XXI. and XXII. is ſufficient 
for explaining the Effects of all ſorts of 
compound Micraſcope n. 
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a Of TEIEScO ES. 
:4 PRE 


Teleſcope made by a convex and con- 
cave Lens repreſents vaſtly diſtant 
O0bjefts diſtintt and erett ; and magnifies 
them according to the Proportion of the 

focal Diſtance of the convex Lens to the 
focal Diſtance of the concave Lens. 


Fig. 15. Let A O be the common Axis of 
both "Lenſes, and A the extreme convex 
Lens, whoſe Focus of parallel Rays pro» 
ceeding from the vaſtly diſtant Object is ſup- 
poſed to be at O. Let D be the concave 
Lens, which is ſo placed between the Lens 
A and its Focus O, that the ſame Point O 
may alſo be the Focus of the concate Lens, 
where Rays falling parallel from the Side 
of O would be collected. And firſt,” ſup- 
poſe the Eye of the Spectator placed next 
to this Lens. 7 R 

The Rays then proceeding parallel from 
each Point of the vaſt iy diſtant Objet?, and 
filling upon the Lens, thoſe which proceed 
from that Pomt of the Object, which is in 
the Axis produced, would be collected at the 
point O; but they are again made parallel 
by means of the Lens D. We would have 

2801 Aa 2 the 
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the Rays fall parallel upon the Eye, that 
the Teleſcope may be fitted for thoſe who 
have good Eyes; for we ſhall ſpeak after- 
wards of ſhort-ſighted Eyes, In like man- 
ner the Rays FN. from thoſe Points 


of the gaſtiy diſtaut Object which are out of 
the Axis would be all collected at reſpectiue 
Points near O; but theſe alſo by. Refrac- 
tion at the Lens. D ate again made parallel, 
though ſomething oblique to the Axis AD, 
which Rays, to,avoid Confuſion, are not cx- 
preſſed in the Figure. Therefore the Rays 
which proceed from the vaftly diſtaut Ob- 
jeit-being made to fall parallel upon the 
Eye, will make diſtinf# Vi ſon; and ſince 
thofe Rays chat proceed from the Object go 
on to meet the Bye in the ſame Order, tis 
plain the apparent Propoſition of the Ohhieũ 
will be the fame with the true, or the Ol 
fed will be erer. | e 018 
Fg. 16. The [Lenſes AC and D, and the 
Point O being placed as before, find by 
Prop. XVI. the Point P, to which Rays 
tending, will, by Rafraction at the Lens 
AC, be collected at D the Center of the 
Lens D: Which Point is alſo found, by 
making D P a third proportional to D O, 
DA, and takipg it on the ſame Side with 
O. Suppoſe the Ray ECP to be one 
of thoſe which proceed from the extreme 
right Side of the caſtiy diſtant Object, which 
0 | A i l 


imagine 
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imagine to be the Moon, and its Center to 


be placed in the Axis D A produced. It is 


plain that this Ray will come to the Eye in 
the right Line C D FE, becauſe it paſſes thro 
the Center of the Lens D, whoſe middle 
Thickneſs may be neglected as inconſide- 
rable, and its two Surfaces in that Place 
looked upon as parallel. But we have ſhewa 
before, that all the Rays proceeding from 
each Point of the Moon will,, by means of 
ſuch a Teleſcope, fall parallel upon the Eye. 
Wherefore the Eye will receive all the Rays 
from that Point E of the Moon in ſuch man- 
ner, as that they ſhall be parallel to the Ray 
CDF; and conſequently will fee. that Point 
of the Moon in the Place to which the right 
Line DC tends; which [tending to the 
ſame Side of the Axis, on. which that Point 
ol the Moon is ſituated, from-whence the 
Rays proceeded, tis plain the Object will 


appear erett. Moreover the Angle AD C 


determines the Semidiameter of the Moon, 
as encreaſed by the Teleſcope, But the 


Semidiameter, as ſeen by the naked Eye; 


becauſe we before ſuppoſed the Ray ECP 


to proceed from the extreme right Side of 
the Moon, and the Ray HAP from its 
Center: For thongh the Point P is beyond 
the Eye, and the Eye ſees. from the Point 


O, yet the Moon being an Object W 
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ſtant, will appear under the ſame Angle to 
the naked Eye, whether it be viewed from 
the Point P or O. Therefore the Moon 
will appear magnified, according to the Pro- 
portion of the Angle AD C to APC, 
which Proportion may here be looked up- 
on as the ſame with that of P A to D A. 
But becauſe by Conſtruction DO is to D A 
as DA to D P, by inverting and com- 
pounding the Proportion, A O will be be. 
O D as PA to AD. Wherefore the a 
rent Magnitude will be to the true as 0 
to OD. O, E. D. 20 
It appears from hence, that the apparent 
Magnitude'is the ſame, in whatſoever 1 
behind the Lens D the Eye is ſituated. 

Fig. 17. Let the Lenſes A C and Dbe 
placed as before, and let AQ be taken in 
their Axis produced equal to AO. And 
out of thoſe Rays which proceed from a 
Point of the right Side of the Moon, let 
us conſider the Ray RQC paſſing through 
the Point Q (for ſome one will paſs through 
it) and meeting with the Len AC in C. 
It will aſterwards become parallel to the 
Axis AD, and when refracted again at the 
concave Lens, will diverge, as if it came 
from the Point L, and will tend to the Eye 
in the right Line LI F, ſo as that the 
Diſtance L. D may be equal to DO; becauſe 
Lis in that Caſe the Focus of parallel P. ays 
* upon the Lens D. 


The 
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Ibe Proportion of the encreaſed Magni- 
tude is hence eaſily collected. For becauſe 
the Rays proceeding from the right Extreme 
of the Moon, after having paſſed both Len/es, 
are parallel, and come ſo to the Pupil & F, 
and conſequently, they become parallel to 
the Ray LI F, which we know to be one of 
them; that Point of the Moon will appear 
in the right Line 1L, and conſequently the 
Semidiameter of the Moon will be compre- 
hended in the Angle ILD. But the Angle 
in Which the Semidiameter would appear 
to the naked Eye, either from D or from 
Q, is RQH, or CQA. Therefore the Pro- 
portion of the encreaſed Magnitude is the 
ſame with that of the Angle DLI to AQC; 
that is (becauſe of A C, DI equal) as AQ 
to L D. But AQ is equal to AO, an 

LD is equal to DO. Therefore the Pro- 
portion of the apparent Magnitude to the 
true is as AO to OD. , E. ). * 


To determine what will be the Amplitude 
of -#he viſual Angle, or of the Space which 
is repreſented at one View by a Teleſcope 
conſiſting of a convex and concave Lens. 


' Fig. 18. The Amplitude of the oi/ual 
Angle in theſe Teleſcopes depends chiefly 
upon the Magnitude of the Pupil of the 
Eye, which is confirmed by Experiment. 
For if applying your Eye to the Teleſcope, 


you 
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you firſt ſhot i it, that the Pupil may be 45 
lated as it uſually is in the Dark. 21 then 
open it on a ſudden, at firſt View you will 


diſcern Objects in a larger Orb than a little 


while afterwards, the Ord being preſently 
eontracted as ſoon as the Pupil is 5 contracted 
by the Brightneſʒ of the Light, But if you 
place a Plate perforated with a ſmall Hole 
before the Eye, you will diſcern every Ob- 
ject in a leſſer Orb. 

If you make the Hole extremely mall, 
the lucid Orb will not be contracted in 
proportion to the Smallneſs of the Hole, 
but its Amplitude will then be limited by 
the Anette of the convex Lens, and con- 
fequently will not be diminiſhed beyond a 
certain Degree, except the convex Lens be 
alſo more contraſted. The Reaſon of which 
is very eaſy to be explained. For if EF 
be the convex Lens, and B the concave; 
to which the Pupil of the Eye applied has 
firſt the Magnitade CD; fo from the 
oppoſite Points C, D in the Circumference 
5 — pil, through the Center of the 
Theſe TY determine. the aiſual Aigle, 
under which that Part of any Object which 
is ſeen at one View is comprehended: Be- 
cauſe Rays coming from the Points G, H 


through the Center of the Tens A, pene- 


trate without Inflexion to C and D; there- 
fore 
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fore that Part of the ObjeR' which is com- 
rehended within the Angle GAH cannot 
but ſend Rays to the Eye, even though the 
pupil were à little narrower than BBC. 
For drawing G A K ſo as to make A R 
equal to A G, and joining EK; if ſo be 
E K falls upon the Pupil, the Object com- 
prehended under the Angle GA H will be 
diſcerned, but the extreme Points towards 
which the right Lines AG, AH tend will 
be ſeen but obſcurely, becauſe only a ſmall 
Part of the Rays, which they caſt upon the 
s EF, enter the Pupil, And hgnce. it 
happens, that how much ſoever the Aper- 
ture of the Lens E F is contracted, the 
Amplitude of the viſual. Angle is never- 
theleſs not at all, or 2 little dimi- 
niſhed, ſo the Orb of the Pupil be not c 
tracted. But this Breadth of the Pupil be- 
ing diminiſhed, and reduced as it were to 4 
Point, the Amplitude of the oi/ual Augle 
is the ſame with that of the Angle EPF; 
EF being ſuppoſed''the Aperture of the 
convex Lens, and the Point P found by 
Prop. XVI. or by thaking B O (the D 
ſtance of the concave Lehc from the Fhenr 
of the convex) B A and B P in à conti. 
wl Pröpertion. Pr ng Rays kr 
ted through the. Lens A 8 the 
Point of che Eye B, but ſich as before the 
fall upon that Lens tend towards * 
ett B b 4 
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PH The greateſt, Angle EPF, of which 
Rays, is determined by the Aperture of the 


Lens A. 


> Fhis is the. Taleſeope hips. an fr 
ſound- out by Calileus, and (till retains his 
Name; and is the fame with a common 
mne; Glaſs, 
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Adleſcope Wat, Z 2 convex Lenſes 
| repreſents va 720 aiftant Obi Ts di- 
Hint, but ancerted, and maghifies them 
acterding to the Proportion of the focal 
Diftante of the exterior or object Lens, 10 
The focal DOS: of the interior or Oct 
Jar Tens. W 


— * 7 
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Rg. 19, EX Tet "ve be the exterior 
convex Lens, D the.; interior, A D. tho com- 
mon Axis of both, and O the Focus of the 
Lens AC., Let the other Convex D be ſo 


Refi that the ſame. Point O may be alſo - 
Cu 


, or the Point of Concourſe of pa 
el Rays coming from the Side of G, 9 
= Eye i is fappo XR Tk are to ſhew that 


d,. vaſtly diſtant, Ob- 


bis bei 
eee e Gi and invertec and 


magni- 
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magniſied, according to! the Proportion of 
AO to ODP). 5 Ou 
And here we Wan tbh uſe: of two fe= 


veral Eigures, as in{ther\preceding Propaſi- 


tion; in the firſt of hic the Rays coming 


parallet to the Axis H A, are br-the Res 
ration! of the Lens A C collected at its 
Focus O, and from! thence! tending; further 
to the Lens D, are by it again made pa- 
rallel to the Axis AD and ſo come to the 
Eye placed at G. And as in the preceding 
Prop. we muſt again confider this Compo- 
tion uf parallel Rays, as coming from a 
lingle Point of the vaſtly! diſtant Object, 


which is placed in the Axis HA D, as ſup- 


poſe 2 Center of tha Moon and 
the like parallel Rays coming from. every: 
other Point of the Obyect upon the Lens: 
AC, as ſuppoſe from the — right Side 
of che Moon, which are inclined to the 
former, and being thereby refracted, are 
collected in a Point of che Axis near O; 
where interſecting themſelves; and proceed 
ing to the Lens D, after they have gone 
through: it,” they are again made parallel, 
(that is, only among themſelves reſpective - 
ly) and ſo arrive at the Eye. Whenee tis 
plain, Viſton will be hers diſtinct. 1 
Tbe other Figure ſhews the Mente Si- 
tuatiod, and the Proportion of the encreaſtd 
Er the * Where the c 
BSE vex 
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vexiEens A C:and D, and their common 
Fucus O, being placed as before; atid more. 
oer; in he — Demonſtration of the 
Prup. the Diſtance A Q being 
equal to A Oythe remaining Part of 
the Demonſtration will proceed much after 
the ſame manner. For if, out of the Rays 
which! proceed from a Point in che extreme 
right Side of 2 ond RQC 
paſſing through the Point Q; that, after 
Refraction at the Lens A C, will paſs in 
CI parallel to AD, and being again reftact · 
ed by the Lem D, will tend along: the right 
Line IF L to the point L, taken in ſuch 
manner that the Diſtance E L is equal to 
DO. But berauſe the Rays fromthe ex- 
treme right Side of the Moon, aſter Refrac- 
tion at both Lenſos, arrive parallel at the 
Eye, as has been ſaid before, and IF L. is 
one of them; it follows that 2 will all 
fall parallel to IE L upon the Eye, and that 
Point of the Moon will be ſeen in a Place, 
according to the right Line FI: Which 
{inceit tends to the oppoſite Side to that from 
whence thoſe Rays came, tis plain that the 
Situation of the Moon will appear inverted, 

ſo that the right Side will be changed to the 
left, and the upper Parts to the lower. 
Moreover, ſince the Center of the Moon 


will be ſeen in the right Line DA, ILD 
** be the 3 * of the Semidia- 
meter 


my WY > FF 2 
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meter of the Moon. But to the naked Eye 
that Semidiameter is comprehended under 
the Angle HQR, or AQC. Therefore 
the Ratio of the apparent Magnitude to the 
true is as the Angle DLItwoAQC, that 
is, as AQ to DL; becauſe A C, D L are 
equal, that is, as AO to OD. O. E. D. 
And here likewiſe it appears, that it ſig- 
niſies nothing to the apparent Magnitude, 
hereſoe ver the Eye is placed behind the 
Lens D. But that it may comprehend moſt 
at one View, it is convenient it ſhould be 
placed at or near the Point L; becauſe it 


eee ae ace fe db ui the 


Pupil be ever ſu little, yet the whole Lenr 
D, while it does not exceed the Aperture 
of the Lene A C:(for it is uſually, confined 
within this Meaſure) will be-ſcen ll of the 
Oiect. ome? anf 5 

bis is the Teleſcope moſt commonly uſel 
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I Ob the Conftruftion 2 4 Tac: 
ſcope compounded of four Convexes, 
by means of which. OT endl Wl cre 
e $07 amply. ... 77 
| (rig. 
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[Hg. 21, 22. ] Teleſcopes made _ doo 
— becauſe of their inverging the 
Polition' of the Object, are ſeldom uſed, ex- 
eept in obſerving the Stars, the poſition of 
which is not regarded. The Proportion 
in which this Sort magnifies the Object has 
already been demonſtrated. But if we would 
have theſe Images again müde erect, and 
at the ſame time a great Share of them be 
repreſented to the Eye at one View very 
ampliy, we muſt uſe 3, 4, 5 or more Lenſes. 
Which however are not to be multiplied 
without Cauſe, becauſe the Matter of each 
of them and the Reflexion of their ſeveral 
Surfaces divert Part of the Rays. But we 
cannot obtain the deſired Effect perfectly, 
with fewer than 4 Lenſes.) For although 
in the ſame Length of the Teleſcope both 
an erect Situation and the ſame Degree of 
Magnifying, and an equal Share of the Ob- 
ject may be had as well with 3 a8 4 Lenſes 5 
yet the Compoſition of 3 Lenſes is much 
more inconvenient than that of 4, becauſe 
in that the two ocular Lenſes, = at leaſt 
that which is next. the Eye, muſt be made 
of larger Segments of a Sphere, with reſpect 
to its Diameter, or to the focal Diſtance, 
if the ſame Magnitude of the viſual Angle 
be required. And hence the Objects come 
to 15 coloured, and right Lines, at the 


Margins of the Aperture, appear curve. 
There- 


E 
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Therefore we muſt make our Teleſcope of 
. 4 Lenſes; which is done after the following 
manner. | 

Tbe exterior or object Tote is A; who 
focal Diſtance is AB; and in the ſame Axis 
are placed three ocular Lenſes, C, D, and E, 
all equal to one another, the inmoſt of which 
is placed beyond the Focus B, by its focal 
Diſtance BC, and the next D is placed be- 
yond C, by twice that Diſtance, B C, and 
the laſt as far from D as that was from C; 
and laſtly, the Eye muſt be placed beyond 
this laſt by the Diſtance 3B C. 
There is here again Occaſion for two Fi 
gures; in the firſt of which are repreſented 
Rays proceeding from a ſingle Point of the 
vaſtly diſtant Object: Which (tis plain to 
any who underſtand what has gone before) 
firſt fall as it were parallel upon the Zens A, 
and are by it collected at its Fucus B, and 
thence diverging fall upon the Lens C, which 
2 them again parallel, and throws them 
the Lens D, which collects them at its 
us H, the middle Point of the Diſtance 
DE; from whence proceeding on to the 
Tens E, they are by it made a third time 
parallel, and being received ſo by the Eye 
F, they make diſtinct Viſion, by being col- 
lected at its Focus which is in the bottom 
of the Eye. .\ -* 

The other Figure conf ders the Propor- 
tion of Magnifying ; which is, That 3 


\ 
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AB, rbe focal Diſtancr of rh objett Lens, 
hears to B C, ie focal Diftance of ont of 
the ocular Lenſes: And demonſtrates like- 
wiſe the Amplitude of the viſual Angle. For 
the Apertures of the three ocular Lenſes 
being lupe ſed equal, which muſt not ex- 
ceed the — — of the object Lens A, 
draw M. NR parallel to the common 
Axis, and rehending the Diameters of 
the Apertures of the Zen/es E and D. And 
alſo KO, LP parallel to the ſame Axis, and 
comprehending - ꝑK L, the Aperture of the 
Lens C; and. taking AG equal to AB, 
draw the right Lines OG U, GJ inter- 
ſecting one another in G. Now it is evi 
dent the Latitude of the Object, which if 
ſeen by the naked Eye from the Point G, 
and conſequently from F alſo, the Diſtance 
of the Object being as it were infinite, would 
appear comprehended in the Angle TGV; 
if ſeen through the Teleſcope, would ap- 
pear comprehended- in the Angle MFN : 
And conſequently the Proportion of the ap- 
parent Magnitude to the true is as the An- 
gle MEN to the Angle TGV, or PGO 
that is, PO and MN being equal, as the 
Diſtance A G to the Diſtange EP; that is; 
as A B, the focal Diſtance of the object 
Lens, to BC, the fecal Diſtance of ons of 
the ocular Lenſes. Q. E. D. f 
It appears moreover,” that the viſual An- 
gle M FN comprehends the ſame — 
0 
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of the Object with, a Teleſcope made of ty 
Lenſes only, A and C; for that Share of 
the Object which is comprehended in the 
Angle TGV, would be ſeen through that 
Teleſcope in the Angle KS L. equal to the 

Pg Com on Or Henſes 
was found out by I know not whom at Rome, 
and may be much improved by placing an 
Aunutus. or Ring either at H, the common 
Focus of the Lenſes D and E, or at B the com- 
mon Fucus of the Lenſes A and C; which is 
eſpecially of very great Uſe in meaſuring the 
Diameters of Planets. For this Aunulus does 


2 
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which the Lens K L produced, 8 
cal Surfaces being _ by. Cc Conſtruction. 

; 71 13% 028: 


"Of the Apanrpny Ui Wb 


Since the Proportion of magnifyi 
T ſcopes made ff two 1 
ſhewn to be that which the focal Diſtance 
of che object Lens beats to the focal Diſtance 
of the ocular Lent, it may be tho gt mo 
haps, that however ſhort "rhe 78 
the Object may be magnified in any 6 nk 
Proportion. But there art 10 Cauſe 
which make this impoſſible; one is, that 
the Aperture of the object Lens remainin 
the ſame, the more we magnify the Obj 
by uſing a leſs convex" ocular "Lins, the 
more obſcure we'make them 2 The 
other is, that it repreſents them leſs diſtinct. 
And if we expect à Remedy by encreaſing 
the Aperture, the Confuſion will be the 
more encreaſed. What belongs to the 
Brightneſs or Olſcurity, will be caſil — - 
derſtood by attentively con ſider ing the Image 
of any Object painted upon the bottom E 
the Eye; which the greater it is made, 
whether by means of the Refraction of 
TLenſes, or only by approaching nearer, in 
fo much greater Plent walk the Ra from 
every Point be received within the Eye, in 
order that the ſame Brizhrneſs may gill re- 


main, 
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main; ¶ For if looking at an Object with the 
naked Rye; you approach to it twice as 
near, the Image at the bottom of the Ryr 
will be twice greater in Diameter, and ſour 
times im Area. But four times more Ra 
do alſo from every Point of it, enter 
Pupil of thꝭ Eyr ] heciuſe the Angle made 
by the Cone of Rays becomes twiee as large: 
And therefore ic is chat the fame Brigbrneſs 
of the Image is perceived at both Diſtances, 
vhich is the Contrivagce of Nature. But 
if a Theft were to be made which ſhould 
magnify" the Diameter of any Object ten 
times and t tus bright as when it 
is looked at with the naked Bye, the Dia- 
meter e the Aperture of the Object Lens 
bought to be ten times than the Dia- 
meter of the Pupil, although no Part of the 
Rays were ihtercepted by the Reflexion of 
the Surfaces of each Lens, or by the Co- 
lour of the Glaſs. i For by this means, when 
the Surface of the Object is magnified an 
hundred times, we have alſo an hundred 
times more Light than was received by the 
naked Pupil. | 

But a much leſs Meaſure of Brightneſs 
ſuffices for Teleſcopes ; for thoſe which we 
uſe in the Day-time are not too obſcure, if 
they have but 5 or 7 of that Brightneſs which 


- 


is uſually perceived by the naked Eye. But 


thoſe longer ones with which we obſerve 
Ce 2 the 
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the Moon and the Planets, require not above 
half this laſt Brightneſs, becauſe the Eye is 
moved with a much leſs Brightneſs in the 
Night than in the Day. So that in a Tele- 
ſcope 30 Feet long, which magnifies the 
Diameters of the Planets 109 times, and 
would conſequetitly,require the Diameter 
of the Aperture of the object Lens log times 
greater than the Diameter of the Pupil, that 
is, of about 1 r Inches, if we ſuppoſe the 
Diameter of the Pupil to be of an Inch; 
we ſind that an Aperture of 3 loches in Dia- 
meter ſuffices, which admits leſa than , of 
that Brightneſs which would be admitted 
4 by an Aperture of 1 1 Inches. 77 1s Doo 
T be Proportions between the focal Di 

ſtances of the object Lens (which is likewiſe 
the Length of the Teleſcope) the Aperture. 
of the ſame object Lens, the focal Diſtance 
of the ocular Lens, and the apparent mag- 
niſied Diameter of the Object, for Teleſcopes 
from the Length of 1 Rhinland Foot to 100, 
are expreſſed in the Table following. 
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The focal Di- I The Diameter of | The focal Diſtance BE 
ſtance of | the Aperture of of the ocular] 3 = 
the 1 the object Lens. | Les, IR P 
Length of of | 1- +1 
1 1 ego ile 2. 
— —— — — | F 
Rhinland Feet. an. Decimals, Inches, GDecimals | _ 3% 
— — — —— — | 
I. 0, 55. 0, . 20. 
2. 0,77. 0,85. 28. 
Zo . O95: OP 34+ 
| 4. 111 14 1,09. ö 1,20. f | 40. 
> 2,43 1,35. 44» 
Urs. 1,34. 1,47. 49. 
14 = : 145» 1, 60. 17 TI» 
f 1 8. N | NN 1,55% 1,71. K 56. 8 
TL . e 1,80. 60. 
G4 10. . | 14 1,73: 1,90. LA 1 63. 
r — — TI. — — 
132 1,97. 2717. 1 ] 2» 
ad fo, fox Sb. 88 f- © - 77. 
20. 245. * 2470. 89. 
ee 2,74. 3501. 100. 
30. 3500. 3530 -—— 109. 
9799 \ 56 118 
"NDP 324+ 530. . 
(J 40. 1 . 1 y 3.87. | 126. 
45. 1.5 4,04 · 133. 
\.; :. af 77 476. 141. 
55. 4006. 447 — [ 148. 
n -. $5-rr habit); 4.66. 154. 
65. 442 4,86. 161. 
8 .. 4,58. 5,04- 166. 
7. 4574. 5521. 172. 
2 80. f | 4,90. f 5539. 178. 
— — — — — 
83. 5.05. 5,56. 183. 
90. 3.20. 5,72. 189. 
55. 534+ 5.87. 194 
100. 5,48. 6,03, 199. 
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Ho explain the Manner of | fitting a 
& | Teleſcope 
the Sun, an dif 


obſerving Eclipfes of 
ering the” Spots in its 

Surfate, and to-determine -how great 4 

Image will he repreute. 


8 . 


Fg. 23 25. ] A Teleſcope is found. to be 
of great Uſe tn oifervng Folipfer of the 
Sun, and al ſo in diſcovering the Spots which 
are ſaid to be in its Surface; by receiving 
the Image formed by both its Lenſes upon 
every other way excluded. fr oriler to ex- 
plain which Invention we muſt firſt demon- 
ſtrate the Poſition bf the. Lenſes which is 
neceſſary to form the Image of the Sun, as 
clear and diſtmct as may be.” 

Let A B be the conyex Lens, next the 
Sun, whoſe Focus, is E. The other is D, 
either concave or e Jor either of theſe 
Sorts of Teleſcopes will dp the Buſineſs: 
Though a Teleſcope of two Cnet ves is the 
moſt con vemient, becauſe we make it repre- 
ſent the Images ere, while by the other 
Sort we invert them. Let the Point K be 
the 'Focus of the Lens D, where the Rays 
coming from che Side of. H parallel, are 
after Refraction by it collected, and in H 
ſuppoſe the white Plane placed in order to 


receive 


. 
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receive the Image of the Sun. Which that 
it may hoe fas wen diſtin and nicely terminated, 

ary that the Rays which proceed 

900 any one Point of the Sun, and which 
fall parallel upon the Lens A B, ſhould 
ain he collected in one Point upon the 
Plane. Wherefore the Diſtance between 
the Lenſs AB and D ought to be ſomething 
greater than in the common tion of 
che Teleſcope, or than when it is fitted for a 
good Siebe, and the Poſition of the Lon 
ought to be ſuch, that the Rays which 
would otherwiſe tend to the Focus E of the 
Lens AB, may be diverted and brought to 
H; which may be done by Prop. XVI. or 
by taking EK, ED, EH in a continual 
Proportion. But in the common Diſpoſi- 
tion of the Teleſcope, the Fhcus K is re- 
quired to coineide with the Fits E, as has 
been ſhewn above, So that here the Di- 
ſtance of the Lenſes is enereaſed by the Space 
E K, which will always be ſo ni leſs, 
25 the Diſtance EH is increafed. For the 
Diſtance DK, which is the given focal Di- 
ſtance of the Lens D, is divided in ſuch 


manner in E, that HE is to ED as the 


ſame E D to ERK. 

[ Fig. 24, 26.] How great the Diameter 
of the Image of the Sun will appear upon 
the Plane H may thus be determined. Draw 
from the Center of the Lent A B to the 
Lens D the right Lines BP, BQ, compre- 
| hending 


. 
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hending an Angle equal to that, under 
which the Suns Diameter appears without 
a Telgſcope; and make B Ca third Propor- 
tional to BK, BD, and join CP, CQ; which 
will conſequently give G the Focus of Rays 
diverging from B aſter Refraction at the 
Lens D; which produce till they meet the 
Plane placed at H in the Points L, M. I 
Tay, LM will be the Diameter of the Sun's 
Image repreſented upon the Plane LH M. 
For. produce PB, QB towards O and N. 
Therefore ſince from the extreme Point of 
the real Diameter of the Sun on the right 
Hand Side, Rays are ſent upon the whole 
Len AB, which are all to be looked upon 
as parallel among themſelves, and to the 
right Line O B, one of them will proceed 
along the right Line O B, and . penetrating 
the Lens, gon on in the right Line BP; 
becauſe B is the Center of the Lent, whoſe 
Thickneſs is here neglected. For the ſame 
Reaſon one of the parallel Rays from the 
lleſt Extreme of the Sun's Diameter will 
proceed along the right Line NB Q. But 
moreover, both will be refracted in ſuch 
manner by the Lens D, that diverging from 
their Focus C, they will proceed along the 
right Lines PL, QM, which are the right 
Lines CP, CQ produced. Therefore tis 
plain the Point in the right Hand Extreme 
of the Sun will be repreſented at L, and the 
oppoſite Point in the left Extreme at M. 
2597 | — For 
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For ſince the Image of the Sun is required 
diſtinct, it is neceſſary that where one Ray 
proceeding from any Point of it falls upon 
the Plane, all the reſt which proceed from 
the ſame Point ſhould be coile&ed there 
alſo. Therefore the Diameter of the Image 
is LM: And by a Teleſcope made of a 
Convex and Concave, the Image is invert- 
ed; and by one made of two Convexes it 
is repreſented erect. Q. E. D. 

But it muſt be obſerved, that the greater 
LM the Image of the Sun is, the Lens's 
A B and D remaining the ſame, the leſs 
clear and diſtinct will it be: For if all the 
Rays deſcending from the Sun upon the 
Lens A B, ſhould poſleſs a Space in the 
Place LHM equal to the Breadth of the 
Lens AB; that is, if they were to form the 
Image of the Sun equal to the Aperture of 
the Lens AB, this Image would be as clear 
as if the Plane were enlightened by the Sun 
without the Interpofition of Lens's. No 
reſpe& being had to thoſt Rays which the 
Lens's refle&, or by reaſon of their imper- 
fect Tranſparency do not tranſmit, which 
perhaps occaſions a Loſs of above half the 
whole Number of Rays. But if the Sun's 
Image be made larger, which is necellary to 
be done in Obſervations of this nature, it 
will then be ſo much the more obſcure. But 
Experience is the beſt Judge to determine 

| "ORF in 
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in what Magnitude it will be moſt conve- 
nient to repreſent the Sun's Image in theſe 
Obſervations ; by trying firſt one, and then 
another Diſtance of the Plane from the 
Teleſcope. Where it is to be obſerved, that 
as we encreaſe this Diſtance, the Diſtance 
between the Lenss AB and D ought to 
be a little diminiſhed, in order to preſerve 
the Diſtinctneſs of the Image; the Reaſon 
of which has been already given. | 
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To this SEconD EDiTioN, 


By J. T. Desacuitesrs, LL. D. and F. R. S. 


E firſt Thought we find in 
= ol Print concerning a Ręflecting 
$1! 16 T/eſcope is that of Dr. James 
94 | GrEGoORY, our Author's Un- 
dle; who, in his Optica pro- 
mota (Pag. 93 and 94) propoſes a Cata- 
dioptrical Tele ſcope (as being far preferable 
to Two other Sorts of Teleſcopes which he 
has been deſcribing *) with no other View, 
but to make Teleſcopes ſhorter and more 
handy : For he and the reſt of the World 
were at that time wholly unacquainted with 
the different Refrangibility of the Rays of 
Light; and 2 ignorant of the 
Errors occaſioned in Refracting Teleſcopes 
by that Property of the Rays. Sir IS AAC 
Nxwro x, the Diſcoverer of that won- 
derful Phenomenon in Light, being then 
alſo unacquainted with it; not having made 
any of his Experiments with the Priſm till 
the beginning of the Year 1666. | 
* See his Words at the End of this Appendix, No. I. 
D d 2 Dr. 


1A PP EN D IX. 
Dr. J. Gag ory never brought this 
Telefcope to any Degree of Perfection; bur, 
owning his Want of Skill in Mechanics, 
only propoſes it for others to execute. He 
had indeed an Object-Speculum of Metal 
ound to a Segment of a Sphere, and 2 
ittle concave, as well as a little convex 
Speculum, ground by Rives and Cox (Op- 
tic-Glaſs-Grinders, famous in thoſe Days) 
But becauſe the Object Metal was not well 
poliſhed, he only made ſome imperfect Trials, 
not fo much as fitting the Specula and Eye- 
Glaſs into a Tube; and being diſcouraged, 
as much becauſe he could not have the Ob- 
ject Metal ground into a parabolic Concave, 
as becauſe that which he tried was not well 
poliſhed, he gave over the Thoughts of 
bringing ſuch Teleſcopes into uſe. (See his 
Letter to Mr. Collins, written from Saint 

Andrews, Sept. 23; 1672. No. 4.) 
But Mr. J. HA DLE, a few Years ago, 
after having made the Necuronian Reflecting 
Teleſcopes with good Succeſs (the Deſcrip- 
tion of which may be ſeen in No. 376 of 
the Philoſophical Tranſactions) improving 
all, Dr. J. GxEGoRY's Hints, did alſo 
bring this Teleſcope to Perfection by the 
Work of his own Hands; and has ſince 
taught his Majeſty's Optician Mr. EDwaR D 
SCARLET, and his Son, to make both the 
Sorts; which they do fo well, that I have 
not yet known them exceeded in theſe In- 
6 5 C ſtruments 
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ſtruments by the Performance of any other 
Optic-Glaſs- Grinder. | | 
_ Toreturn to the Hiſtory of the Reflecting 
Teleſcopes, | 

Sir Is aac NEwrToN, in the Year 1666, 
applied himſelf to grind Optic Glaſſes of 
other Figures than ſpherical (ſuppoſing, 
with all other Perſons, who had hitherto ap- 
plied themſelves to the Study of Optics, that 
Teleſcopes might be very much improved, 
by making uſe of Glafles ground to the Fi- 
gure of ſome other conic Section ; ſuch as 
the parabolical, elliptical, or hyperbolical ) 
but having made ſome Experiments with 
Priſms, whereby he diſcovered the different 
Refrangibility of the Rays of Light, he 
found that the Errors in Teleſcopes ariſing 
from that Cauſe was ſome hundreds of times 
greater than thoſe which were occaſioned 
by the ſpherical Figure of the G laſſes, which 
did not collect the Rays into one Point, 
where Glaſſes of the Figure of a conic Sec- 
tion would do it if Light was uniform. 
This made him take Reflexions into Conſi- 
deration; and finding them regular, ſo that 
the Angle of Reflexion of all ſorts of Rays 
was equal to their Angle of Incidence, he 
underſtood that by their Mediation Optic 
Inſtruments might be brought to any De- 
gree of Perfection imaginable, provided a 
reſlecting Subſtance could be found, which 
would poliſh as finely as Glaſs, and refet? 

* | as 


/ 
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as much Light as Glaſs tranſmits; and the 
Art of communicating to it a parabolic Fi- 
gure be alſo attained. But he thought the 
Difficulties very great, and almoſt infupe- 
rable, when he further conſidered, that 
every Irregularity in a reflecting Superficies 
makes the Rays ſtray five or ſix times more 
out of their due Courſe, than the like Irre- 
gularities in a refracting one: So that a much 
greater Curioſity would be here requiſite, 
than in figuring Glaſſes for Refraction. 
Being then forced from Cambridee by the 
intervening Plague, he did not proceed any 
farther till two Vears after.“ Then, having 
conſidered what Dr. J. Gzxtcory propoſed 
in his Optica Ta concerning a cata- 
dioptric Teleſcope, with an Hole in the 
midſt of the Obje& Metal to tranſmit the 
Light to an Eye-Glaſs placed behind it, he 
thought the Diſadvantages would be fo 
great, that he reſolved, before he attempted 
any thing in the Practice, to alter Dr. 
GREGORYS Deſign, and place the Eye- 
Glaſs at the Side of the Tube, rather than 
the Middle. f He then made two little 
Reflecting Teleſcopes with an Object Metal 
ſpherically concave; one of which he de- 
ſcribes in the Philoſophical Tranſattions 
(Ne. 80) and the other, which was better 
than the firſt, he ſent to the Royal Society. 


* Phil, Tanſ. No. 80. ib. No. 83. 


This 
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This laſt is deſcribed in a Letter to a Friend 
(ſee the Originals hereto ſubjoined, No. 2) 
but more fully in the ſaid Tranſactions, No. 
813 from which we here tranſcribe the De- 
ſeription, with Mr. Hux EN Ss Remarks, 
and Sir ISAA Cs Reply to them; as alſo a 
farther Account of the ſame Teleſcope, with 
a Table of Apertures and Charges, from 
the 82d Tranſattion. 


An Account of a new, Catadioptrical Tele- 
ſcope invented by Mr. NR TON, Fel- 
low of the Royal Society, and Profeſſor 
of. tbe Mathematics in the Univerſity of 


Cambridge. 


e This excellent Mathematician having 
* given us, in the Tranſaitions of Febru- 
* ary laſt, an Account of the Cauſe which 
induced him to think of Reflecting Tele- 
ͤäſcopes, inſtead of refracting ones, hath 
** thereupon, preſented the curious World 
* with an Eflay of what may be performed 
© by ſuch Teleſcopes; by which it is found 
** that Teleſcopical Tubes may be conſide- 
* rably ſhortened, without Prejudice to 
their magnifying Effect. 

* This new Inſtrument is compoſed of 
* two. metalline Speculums; the one con- 
cave, inſtead of an Object Glaſs, the other 


plane; and alſo of a ſmall plano-convex 
7 Eye-Glaſs. THF 
cc By 
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By Fig. 2. of Tab. IV. the Structure 
© of it may be eaſily imagined; eis. That 
ce the Tube of this Teleſcope is open at the 
6 End which reſpects the Object; that the 
ce other End is cloſe,” where the laid Con- 
* cave is laid; and chat near the open End 
« there is à flat oval Speculum, made as 

mall as may be, the leſs to obſtruct the 


Entrance of tie Rays of Light, and in- 


© clined towards the upper Part of the 
© Tube, Where is a little Hole furniſhed 
. * with the ſaid Eye-Glaſs: So that the 
« Rays coming from the Object, do firſt 
fall on the Concave placed at the bottom 
« of the Tube; and are thence reflected 
« toward the other End of it, where they 

ce meet with the flat Speculum; obliquely 
e polited; by the Reflexion of which they 
e are directed to the little plano-convex 
* Glaſs, and fo to the Spectator's Eye, 


* who looking downwards, ſees the Object 


* which the Teleſcope is turned to. 

* 'Tounderſtarid this more diſtinct ly and 

© fully, the Reader may pleaſe to look 

upon the ſaid Figure; in which 
Agis the concave Speculum, of which 

5 - the Radius or Semidiameter is 123 or 
„1% Hebes. 4 

, en nde . 


© whoſe Surface is flat, ny the * | 


© Tence oval. | 
; * - 260 'GD, 


ce 
cc 
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* GD, an Iron Wire, holding a Ring 
— — in which the Speculum C D is 
xed. 

* F, a ſmall Eye-Glaſs, flat above, and 
convex below, of the twelfth part of an 
Inch Radius, if not leſs; foraſmuch ag 
the Metal colle&s the Sun's Rays at 6+ 
Inches Diſtance, and the Eye-Glaſs at 
leſs than £ of an Inch Diſtance from its 
Vertex: Beſides that the Author (as he 
informs us) knew their Dimenſions by the 
Tools to (or in) which they were ground, 
and particularly meaſuring the Diameter 
of the hemi-ſpherical Concave, in which 
the Eye-Glaſs was wrought, found it the 
ſixth part of an Inch. 

© GGG, the fore Part of the Tube faſt- 
ened to a Braſs Ring H E to keep it im- 
moveable. 


1 


© PQKL, the hind Part of the Tube, 


faſtened to another Braſs Ring PQ. 

* O, an Iron Hook faſtened to the Ring 
PQ, and furniſhed with a Skrew N, 
thereby to advance or draw back the 


hind Parr of the Tube, and ſo by that 


means to put the Specula in their due 


Diſtance. 
* MQGI, a crooked Iron ſuſtaining the 


* Tube, and faſtened by the Nail R to the 
„Ball and Socket S, whereby the. Tube 


cc 


may be turned every way. IT 
, Ee m The 


218 APP E N DI X. 
e The Center of the flat Speculum, CD, 


* muſt be placed in the fame Point of the 
* Tube's Axe, where falls the Perpendicu- 


© Jar to this Axe, drawn to the ſame from 


e the Center of the Eye-Glaſs; which 
* Point is here marked at T. 

And to give the Reader ſome Satisfaction 
to underſtand in what Degree it repreſents 
things diſtin&, and free from Colours, and 
to know the Aperture by which it admits 
Light; be may compare the Diſtances of 
the Focus E from the Vertex's of the little 
Eye - Glaſs of the concave Speculum ; that 


is, E Fs of an Inch, and ET U 64 Inches; 


and the Ratio will be found as 1 to 38: 
W hereby it appears, that the Objects will 
be magnified about 38 times. To which 
Proportion is very conſentaneous an Obſer- 
vation of the Crown on the Weather-cock 
about 200 Feet diſtant: For the Scheme 
X, Fg. 3, repreſents it bigger by 24 times 
in Diameter, when ſeen through this, than 
through an ordinary Teleſcope of about two 
Foot long. And fo ſuppoſing this ordi- 
nary one to magnify 13 or 14 times, as by 
the Deſcription it ſhould, this new one by 
the Experiment muſt magnify near as much 
as hath been aſſigned, 

Thus far as to the Structure of this Tele- 
ſcope. Concerning the metalline Matter, 


* Fig. 4. 


fit 
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fit for theſe reflecting Speculums, the In- 
ventor has al ſo conſidered the ſame; as may 
be ſeen by two of his Letters, written to 
the Publiſher from Cambridge, Fan. 18, 
and 29, 1673, to this Effect; big. 

1. That for a fit metalline Subſtance - he 
would give this Caution; That whilſt Men 
ſeek for a white, hard, and durable metal- 
line Compoſition, they reſolve not upon 
ſach an one as is ful) of ſmall Pores, only 
diſcoverable by a Microſcope : For though 
ſuch an one may to appearance take a good 
Poliſh, yet the Edges of thoſe ſmall Pores 
will wear away faſter in the poliſhing than 
the other Parts of the Metal; and ſo, hbw- 
ever the Metal ſeem polite, yet it ſhall not 
reflect ſuch with an accurate Regularity as 
it ought to do. Thus Tin- Glaſs mixed with 
ordinary Bell-Metal makes it more white, 
and apt to reflect a greater Quantity of 
Light ; but withal its Fumes raiſed in the 
Fution, like ſo many aerial Bubbles, fill the 
Metal full of thoſe microſcopical Pores. But 
white Arſenic both blanches the Metal, and 
leaves it ſolid without any ſuch Pores, eſpe- 
cially if the Fuſion hath not been too vio- 
lent, What the ſtellate Regulus of Mars 
(which I have ſometimes uſed) or other 
ſuch like Subſtance will do, deſerves parti- 
cular Examination. | 


Ee 2 To 
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To this he adds this furt her Intimation 
That Putty, or other ſuch like Powder, 
with which it is poliſhed, by the ſharp An- 
gles of its Particles fretteth the Metal, it it 
be not very fine, ' and fills it full of ſuch 
ſmall Holes as he ſpeaketh of. Wherefore 
Care mult be taken of that before Judgment 
be given, whether the Metal be throughout 
the Body of it porous or not. 

2. He not having. tried, as he ſaith, ma- 
ny Proportions of the Arſenic and Metal, 
does not affirm which is abſolutely beſt ; 
but thinks there may conveniently be uſed 
any Quantity of Arſenic equalling in Weight 
between the ſixth and eighth Part of the 
Copper, a greater Proportion making the 
Metal brittle.  _ 3 

The way which he uſed. was this: He 
firſt melted the Copper alone, then put in 
the Arſenic; which being melted, he ſtirred 
them a little together, bewaring in the 
mean time not to draw in Breath near the 
pernicious Fumes. After this he put in 
Tin; and again ſo ſoon as that was melted 
(which was very ſuddenly) he' ſtirred them 
_ together, and immediately poured them 
n 24 | 
He faith, He knows not, whether by 
letting them ſtand longer on the Fire after 
the Tin was melted, a higher Degree of 
Fuſion would have made the Metal porous; 
61 . but 
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but he thought that way he proceeded to 
be ſafeſt. | 


He adds, That in that Metal which he 
ſent to London there was no Arſenic, but 
a ſmall Proportion of Silver ; as he remem- 
bers, one Shilling in three Ounces of Metal. 
But he thought withal, that the Silver did 
as much Harm in making the Metal ſoft, 
as ſo leſs fit to be poliſned, as Good in ren- 
dering it white and luminous. 

At another time he mixed Arſenic one 
Ounce, Copper ſix Ountes, and Tin two 
Ounces. And this an Acquaintance of his 
hath, as he intimates, poliſhed better than 
he did the other. | 

As to the Objection, That with this kind 
of Proſpectives Objects are difficultly found, 
he anſwers, in another Letter of his to the 
Publiſher of Zan. 6, 1671, That that is 
the Inconvenience of all Tubes that magni- 
fy much; and that after a little Uſe the 
Inconvenience will grow leſs, ſeeing that 
himſelf could readily enough find any Day- 


Objects, by knowing which way they were 


poſited from other Objects that he acciden- 


rally ſaw in it; but in the Night to find 


Stars, he acknowledges it to be more trou- 


bleſome; which yer may, in his Opinion, 
be eaſily remedied by two Sights affixed to 


the Iron Rod, by which the Tube is ſuſtain- 
ed; or by an ordinary Proſpective-Glaſs, 
3 faſtened 


g 


a A PPEN DI X. 


faſtened to the ſame Frame with the Tube, 
and directed towards the ſame Object; as 
Dtes-CaRTEs in his Dioptrics hath de- 
ſcribed, for remedying the ſame Inconve- 
nience of his beſt Teleſcopes. | | 
So far the Inventor's Letters touching 
this Inſtrument : Of which having commu- 
nicated the Deſcription to Monſ. CnalsTIAx 
of HuYcens de ZulichE, we received from 
him an Anſwer to this Effect, in his Letter 
of Feb. 13, 1672, St. u. "3 
I ſee, by the Deſcription you have ſent 
% me of Mr. NEwrox's admirable Tele- 
** ſcope, that he hath well conſidered the 
* Advantage which a concave Speculum 
© hath above convex Glaſſes in collecting 
** the parallel Rays; which certainly, ac- 
* cording to the Calculation I have made 
** thereof, is very great. Hence it is, that 
he can give a far greater Aperture to 
* that Speculum, than to an Object -Glaſs 
* of the ſame Diſtance of the Focus; and 
* conſequently, that he can much more 
«© magnify Objects that way, than by an 
ordinary Teleſcope. Belides, by it he 
* avoids an Inconvenience, which is inſe- 
< parable from convex Object- G laſſes, which 
* is the Obliquity of both their Surfaces ; 
© which vitiateth the Refraction of the Rays 
©* that paſs towards the Sides of the Glaſs, 


© and does more Hurt than Men are aware 
CC 
. w__ 
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of. Again; By the mere Reflexion of 


the metalline Speculum, there are not ſo 
many Rays loſt as in Glaſſes; which re- 


flect a conſiderable Quantity by each of 


their Sur faces, and beſides intercept many 
of them by the Obſcurity of their Matter. 
Mean time, the main Buſineſs will be, 
to find a Matter for this Speculum that 
will bear ſo good and even a Poliſh as 
Glaſſes, and a Way of giving this Poliſh 
without vitiating the ſpherical Figure. 
Hitherto I have found no Specula that 
had near ſo good a Poliſh as Glaſs; and 
if M NewrTox hath not already found 
a Way to make it better than ordinarily, 
I apprehend, his Teleſcopes will not ſo 
I. diſtinguiſh Objects as thoſe with 
Glaſſes. But 'tis worth while to ſearch 
for a Remedy to this Inconvenience, and 
I deſpair not of finding one. I believe 
that M. Nxwro hath not been without 
conſidering the Advantage which a para- 
bolical Speculum would have above a 
ſpherical one in this Conſtruction; but 
that he deſpairs, as well as I do, of work- 
ing other Surfaces than ſpherical ones 
with due Exactneſs; though elſe it be 
more caſy to make a parabolical than el- 
liptical or hyperbolical one, by reaſon 
of a certain Property of the parabolic 
Conoid ; which is, that all the Sections 
© parallel 


* 
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ce parallel to the Axis make the ſame Para- 


*© bola. 8 
Thus far M. Huyct nivs his judicious 


Letter ; to the latter Part of which, con- 


cerning the grinding parabolical Conoids, 
Mr. NzwrTon faith, in his Letter to the 
Publiſher of Feb. 20, 1671. That though he 
with him deſpairs of performing that Work 


by geometrical Rules, yet he doubts not but 
that the thing may in ſome meaſure be ac- 


compliſhed by mechanical Devices. 

To all which I cannot but ſubjoin an 
Extract of a Letter received very lately 
(March 19) from the Inventor of this new 
Teleſcope, from Cambridge; vs. 
© In my laſt Letter I gave you Occaſion 
to ſuſpeRt, that the Inſtrument which I 


© ſent you is, in ſome reſpe& or other, in- 


** diſpoſed, or that the Metals are tarniſh- 
ed; and by your Letter of March 16, 


© Tamfully confirmed in that Opinion : For, 
- ©-whilſt J had it, it repreſented the Moon 


in ſome Parts of it as diſtinctly as other 
& Teleſcopes ufually do which magnify as 
much as that. Yer I very well know, 
that that Inſtrument hath its Imperfec- 
© tions, both in the Compoſition of the 
Metal, and in its being badly caſt ; as 
you may perceive by a ſcabrous Place 
© near the middle of the Metal of it on the 
<* poliſhed Side, and alſo in the Figure of 

1 
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that Metal near that ſcabrous Place. And 
« in all thoſe Relpects that Inſtrument is 
capable of further Improvement. 

LVou ſeem to inſinuzte, that the Pro- 

„ portion of 38 to 1 holds only for its 

© magnifying Objects at ſmall Biſtanees. 
But if for ſuch Diſtances, ſuppoſe 50 
Feet, it magniſies at that tate, by the 


Rules of Optics it mult! far the greateſt 


5  Diſtunce-imagipable vmagnity-more- than 
© 34/2203 = Which is ſo conſiderable à di- 
« mining, that it NN even AP ds 
* 39040 $6210 e k | 
lere is made anothicr lnſtrdipent: like 
« the former, which does very well; Le- 
© ſterday I compared it with: a ſin Foot 
Wy and am it not only to mag- 
niſy more, but alſo more diſtinctiy. And 
8 2 I found that I could xcad in one Of 
| *-he; hiloſophical. Ti anſaions, placed 
in che Suns Light; at ain, hundred. Feet 
* Diſtance'; and that at an hundred and 
e twenty Feet Diſtance I ud diſcern ſome 
* of the Words. When made this Trial, 
its Aperture (defined neut 1 
equivalent to more than ch and a 
0 third part of the Object-Metal. This 
© may be of ſome Uſe to thoſe that ſhall 
* .cndeayour any thing in Reflexions; for 
* hereby.they will ip:fome: meaſure be en- 
i abled to judge af the Goodneſs of their 
* Inſtriiments, G c. 
9 Mr, 
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Mr. Newton's Letter to the Publiſher, of 
March 26, 1672, cont aining:' ſome more 
3h eftions about bis | new Teleſcope; 

a Table of Apertures and Charges 
2 the ſeveral . of 1948 Hifi 
MENS. #$$27* 71 


f 
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. Sinee my laſt Letter 1 1 further 
cc ener the two Teleſcopes, and find 
that of Metab to repreſent as well the 
Moon as nearer Objects, ſomet ling dif- 
« tincter than the other. But E muſt tell 
br you alſo, that Iam not very well aſſured 
of the Goodnels of that other, which I 
* borrowed to make the Compariſon ;; and 
© therefore deſire that the other Experiment 
« „ ſhould be rather confided in, of reading 
at the Diſtance of between ro and 120 
Feet, at which I and others could read 
* with it in the Tramſactiont, as I found 
by Meaſure: At which time the Aperture 
* was 13 of an Inch; which I knew by 
trying, that an Obſtacle of that Breadth 
© was requiſite to intercept all the Light 
8 1 Tia came from one Point of the Ob- 
je 
* < I could tell you alfo, chat the little 
plane Piece of Metal near the Eye · Glaſs 
* 1s not truly figured ; whereby it happens, 
= that Objecy ar vor fo diſtin at the 
| Middle 
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Middle as at the Edges. And I hope, 
* that by correcting its Figure (in which 
© 1 find more Difficulty than one would ex- 
* pe) they will appear all over diſtinct, 
* and diſtincter in the Middle than at the 
* Edges. And I doubt not but that the 
© Performances will then be greater. | 
* But yet I find, that there is more Light 
© loſt by Reflexion of the Metal, which I 
* have hitherto uſed, than by Tranſmiſſion 
* through Glaſſes: For which Reaſon a 
© ſhallower Charge would probably do 
better for obſcure Objects; ' ſuppoſe ſuch 
an one as would make it magnify 34 or 
* 32 times. © But for bright Objects at any 
* Diſtance, it ſeems'capable of magnifying 
« 38 or 40 times with ſufficient Diſtin&- 
© neſs. And for all Objects the ſame 
5e Charge, I believe, may, with Advantage, 
⁊ be allowed, if the ſteely Matter, imploy- 
ed at London, be more ſtrongly reflec- 
tive than chis which I have uſed. 
The Performances'of one of theſe In- 
I ſtruments of any Length being known, 
it will by this following Table 
© what may be expected from thoſe of other 
Lengths by this Way, if Art can accom- 
pliſh what is promiſed by the Theory. 
ln the firſt Column is expreſſed the Length 
'* of the Teleſcope in Feet; which doubled 
TRE der S100 PRE 15 £4: NG 
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gives the Semidiameter of the Spbere; 
© which the, concave Metal is to be 


A 


5 "ew. of re | AQ em hel f J 
418 LW A562, ( 1999 
Lengths./[; Bpertures, | hagen, 
2100 100 
a 1468 [1179 4 
| 2283 14. 
1 3 383 157 | 
_ = | 476 168 . 
55 [362 178 
| 126 645 186 
8. 800 200 
10 946 211 
12 1084 229 
16 1345 238. = 
MPC eee 249254. 30 3: * 
git lt SO ee 


oe The Uſe of this Table will beſt 1 
** pear by Example: Suppoſe. therefore a 
« half Foot Teleſcope may diſtinctly mag- 
27 nify 30 times with an luch Aperture, 
and it being required to knew what 
* ought to be the 9 Conſtitution 
% and Performance of a four Foot Tele- 
« feope; by the ſecond Column, as 100 to 
©::476, 10; are the Apertures, as allo the 
5, Number of times which )they-magnify. 
e And conſequently,” ſince the half Foot 
Tube hath an Inch Aperture, and m_ 
et 


, 
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2 T1008 30 times; a four Boot. Tube pro- 
portionally ſhould: 'Have 4 Inches A- 
are; and magnify 143 times. And 
* by the "bird Column, as 100 to 168, fo 
K 5 their Charges. And therefore if the 
Diameter of the Convexity of the Eye- 
Glaſs ſor a half Foot Teleſcope be ; of 
an luchz chat fer a ſour Foot mould be 
6e“ "262 that , About of- an Inch. 
* In like manner, if a half Foot Tele- 
* ſcope. may diſtinckly magnify 36 times 
with 14 of an Inch Aperture, à four 
Foot Teleſcope ſhould with equal Dif- 
* tinneſs: maghify 171 times with 6. Inches 
Aperture; ànd one of ix Foot ſhould 
2 e 23 * times with 8 Inches Aper- 
* ture; artid ſo of other Lengths.- But 
4 what the Event will really be, we fnuft 
wait to ſes determined by Experience: 
& Only this I thought fit to inſinuate, that 
Hi they which intend to make IT rials in i 
other Lengths, may more readily Ber 
hot to deſigi their Inſtruments. Thus 
for a ſour Foot Tube, ſince the Aperture 
* ſhould be five or 6 Inches, there will be 
required a Piece of Metal or 8 Inches 
'* broad at: leaſt; becauſe the Figure will 
** ſcarcely be true to the Edges: And the 
*» Thickneſs of the Metal muſt be propor- 
& tional to the Breadth, leſt it bend in the 
N grinding... The Metals beipg r 
OM there 
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there may be Trials made with ſeveral 
Eye -Glaſſes, to find what Charge may 
©: with beſt Advantage be made uſe of, | | 


An Extraft of another Letter of the ſame 
to rhe Publiſher, dated March 30, 1672. 
Dy way of Anſwer to ſome Ohiections 
made hy an ingenious French Philoſopher 


o the new Reflecting Teleſcope. 

= & f 4020 | SME: 7 4 ; 
% SIR, 12 i | 13D Y BIft ' "a! 5 
** I doubt not but M. A. will allow the 


Advantage of Reflexion in the Theory 
< to be great, when he ſhall: have in- 
< formed himſelf of the different Refrangi- 
dility of the ſeveral Rays of Light. And 
for the practic Part, it is in ſome mea- 
ſure manifeſt by the Inftruments already 
* made, to what Degree of Vivacity and 
<. Brightneſs a metalline Subſtance may be 
c poliſhed. | Nor is ic improbable but that 
© there may be new Ways of Poliſhing 
found out for Metal, which will far ex- 
< cel thoſe that are yet in uſe. And when 
* a Metal is once well poliſhed, it will be 
4 a long time preſerved from tarniſhing. 
ce if Diligence be uſed to keep it dry, and 
cc ' cloſe ſhut up from Air: For the principal 
Cauſe of tarniſhing ſeems to be, the con- 
« denſing of Moiſture on its poliſhed Sur- 
face; Which by an acid Spirit, * 
i . — wt 
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<..with, the Atmoſphere is impregnated, 
©* corrodes and ruſts it; or at leaſt, at its 
* exhaling,. leaves it covered over with a 
thin Skin, conſiſting partly of an earthly 
© Sediment of that Moiſture, and partly of 
© the Duſt,” which flying to and fro in the 
* Air, had ſettled and adhered on it. 
When there is not Occaſion to make 
c frequent Uſe of the Inſtrument, there 
* . may be other Ways to preſerve the Metal 
© for a long time; as perhaps by immer- 
© ging it in Spirit of Wine, or ſome other 
convenient Liquor. And if they chance 
© to-tarniſh,- yet their Poliſh may be reco- 
vered by rubbing them with a ſoft Piece 
wof Leather, or other tender Subſtance, 
*© without! the Aſſiſtance of any fretting 
* Powders, unleſs they happen to be ruſty ; 
©. for then they muſt be new poliſhed.  - 
I am very ſenſible, that Metal reflects 
* lefs Light than Glaſs tranſmits; and for 
ce that Inconvenience I gave you a Remedy 
in my laſt Letter, by aſſigning a ſhallow - 
* er Charge, in proportion to the Aperture, 
© than is uſed in other Teleſcopes. But, as 
I have found ſome metalline Subſtances to 
*© be more ſtrongly reflective; and to poliſh 
©. better, and be freer from tarniſhing, 
than others; ſo I hope there may in time 
de found out ſome Subſtance much freer 
from theſe Inconveniences than any yet 
Aſter 
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Aſter Sir Is AA Ntwron's Teleſcope 
had been ſent up to the Royal Society, they 
ave Mr. Coe (the Optid-Glaſs- Grinder) 
Orders to make one aſteꝝ the ſame manner 
of Contriyance four Foot long; which Was 
done, one End of the Tube being open, 
and at the other End was placed a concave 
metalline Mirreur; the Diameter GF hich 
vas betwWint 4 and 5 Inches ;, and it was 
ground h Sphere of 74 Foot Diameter; 
and about its Foeus, wich was about 4 
Foot off, Was placed a fegt ing Plats: as 
big as 4 Two-penee, elne g am Angle 
of 45 Degtees to the A So that the re- 
flected Rays falling thereon wert ügain re- 
flected upright to tie Side'df the Teleſcope 
where the Eye, through A mall Hole where- 
in is placed à fall plano- nV , Glaſs, be- 
holds the Object on the reflect gg Plate as 
much "magnified 35 it chi Have been done 
by an ordanary”Felefcope of 40 Foot long 
or more, aud voc of Colours. The Mir- 
rour and "reflefting Plate Were made to be 
taken out an wipeg at Pleaſure?” But the 
Society and C Melk wele not pleaſed 
with the Meta or Wik of che reflecting 
Plate; and therefore a Trial was to be made 
with the Laprs Oſmandinns, a black Stone 
that comes from Mount Hela in Iſand, 
and other Materzals, Gc. (Whet her or no 
theſe Trials ſucceeded, I has nt been able 
| | . ET. » C239 T0 
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to learn; but I believe they did not, nor 
any other, till Mr. Havrtty made his 
Newtonian Teleſcope in 1723.) This Ac- 
count I copied from a Paper of Mr. Joun 
Corrs; in which was the Copy of Sir 
Isaac NEwrToN's Letter to a Friend about 
his Teleſcope (Orig. Pap. No. 2.) 

A little after Sir Is aac NEwroN had 
ſent his new Teleſcope to the Royal So- 
ciety, Mr. Or DEN BUR, the Secretary, 
wrote him a Letter of Thanks; to which 
Sir Is AAc made Anſwer in 1673, giving a 
farther Account of the Inſtrument. (Orig. 
Pap. Ne. 5.) 

About this time Dr. J. Gxtcory having 
an Account of Sir Isaac NRwTrox's Tele- 
fcope, wrote his Thoughts about it to Mr. 

oHN CorLriins, in a Letter from Aberdeen, 
dated Aug. 6, 1672 ; in which he gives the 
Preference to Sir Isaac's Teleſcope above 
that which he deſcribed in his Oprica pro- 
mota in one reſpect, but thinks his on bet- 
ter in another. (Orig. Pap. No. 3.) At the 
ſame time one Monſ. Cass RAIN publiſned 

a Deſcription of a Catadioptric Teleſcope, 
as his own Invention ; which he pretended 
to have been prior to Sir I saac's Teleſcope, 
and which M. BER CE, Publiſher of the 
French Memoirs for the Year 1672, ſeems 
to prefer to it: But S. SALVE TT1, one of 
the Great Duke's Muſicians at Florence, 
G g wha 
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who made one after the manner of Sir 
I's a ac, thinks it much better contrived than 
M. CasstcRain's. (Phil. Tranſ. No. 87.) 
Now M. CasSEGRAIN'S is not pretended to 
have been contrived before the Beginning 
of the Year 1672, and Sir Isaac's was con- 
trived in the Year-1666, and executed in 
the Year 1670, or at fartheſt finiſhed in the 
Year 1671 : Beſides, M. Cas$EGRAINS 
differs in nothing from Dr. Gzzcorr's, but 
that he would have the ſmall Metal to be con- 
vex, which Dr. G RE GO RV makes concave ; 
and therefore the Inſtrument ſeems only to 
be Dr. Grtcory's diſguiſed. The whole 
Account of this, and Sir Is AAc NewrtoN's 
Thoughts upon it, I here ſubjoin, as copied 

from the Philof. Tranſatioms, N. 83. 


Mr. Is Ac NtzwToN's Conſederations on 
Part of a Letter of Monſieur de Berce, 
printed in the eighth French Memoire, 
concerning the Catadioptrical Teleſcope 
pretended to be improved and refined by 


M. CaSSEGRAIN. 


THAT the Reader may be enabled the 
better to judge of the whole, by comparing 
together the Contrivances both of Mr. 
Ne wron and M. Cas s EGO RAIN, it will be 
neceſſary to borrow from the ſaid French 
 Memoire what is there ſaid concerning 
them; which is as follows. 

SI ſend 
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© Iſend you (/aith M. de Bexcs 70 the 


Publiſoer w the Memoire) the Copy of the 


cc 
cc 
cc 
cc 
cc 
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Letter which M. CASsSEGRATN hath 
written to me, concerning the Propor- 
tions of Sir SaMver Moktrand's Trum- 
pet. And as for the Teleſcope of Mr. 
NewrToON, it hath as much ſurprized me 
as the ſame Perſon that hath found out 
the Proportions of the Trumpet: For it 
is now about three Months that that Per- 
fon communicated to me the Figure of a 
Teleſcope, which was almoſt like it, and 
which he had invented; but which I 
look upon as more witty.* I ſhall here 
give you the Delcription of it in ſhort. 
ABCD (Plate IV. Fig. 5.) is a ſtrong 
Tube, in the Bottom of which there is a 
great concave Speculum C D, pierced in 
the Middle E. 

«© F is a convex Speculum, ſo diſpoſed, 
as to its Convexity, that it reflects the 


Species which it receives from the great 
SFpeculum towards the Hole E, where is 
an Eye-Glaſs which one looketh through. 


* 'The Advantages which I find in this 
Inſtrument above that of Mr. NewToN, 
„ are, 1. That the Mouth or Aperture A B 
* of the Tube may be of what Bigneſs you 
platt and conſequently, you may have 


0 Alus ingenious 4 n | 
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e many more Rays upon the concave Specu- 
« /um, than upon that of which you have 
* given us the Deſcription. 2. The Re- 
« flexion of the Rays will be very natural; 
“ fince it will be made upon the Axis it 
* ſelf; and therefore more vivid. 3. The 
& Viſion of it will be ſo much the more 
4 plealing ; in that you ſhall not be incom- 
© moded by the great Light, by reaſon of 
© the Bottom CD, which hideth the whole 
* Face. Beſides that you'll have leſs Dif- 
* ficulty in diſcovering the Objects, than 
** in that of Mr. NewToON. 


So far this French Author. To which 
we ſhall now ſubjoin the Conſiderations of 
Mr. Nt wron, as we received them from 
him in a Letter written from Cambridge; 
May 4, 1672. as follows. | 


SIR, | 

© I ſhould be very glad to meet with any 
% Improvement of the Catadioptrical Tele- 
© ſcope; but that Deſign of it, which (as 
* you inform me) Mr. Cass EGRAIN hath 

* communicated three Months ſince, and 
© is now printed in one of the French Me- 
© moirs, I fear will not anſwer Expecta- 
* tion: For, when I firſt applied myſelf 
* to try the Effects of Reflexion, Mr. 
* GREGORY Ss Optica promota ( printed 
| S 


 AEBEENDEYX 3 
< in the Year 1663) being fallen in my 
* Hands, where there is an Inſtrument 
* (deſcribed Page 94) like that of Monſ. 
© CASSEGRAINS, with a Hole in the midft 
* of the Object- Metal to tranſmit the Light 
* to an Eye-Glaſs placed behind it ; I had 
e thence an Occaſion of conſidering that 
Sort of Conſtructions, and found their 
* Diſadvantages ſo great, that I ſaw it ne- 
* ceſlary, before 1 attempted any thing in 
* the Practice, to alter the Deſign of them, 
* and place the Eye-Glaſs at the Side of 
* the Tube, rather than at the Middle. 
The Diſadvantages of it you will un- 
© derſtand by theſe Particulars: 1. There 
* will be more Light loſt in the Metal by 
*© Reflexion from the little convex Specu- 
* Jum, than from the oval Plane: For it 
© is an obvious Obſervation, that Light is 
* moſt copiouſly reflected from any Sub- 
* ſtance when incident moſt obliquely. 
©* 2. The convex Speculum will not reflect 
* the Rays ſo truly as the oval Plane, un- 
© leſs it be of an hyperbolic Figure; which 
is incomparably more difficult to form 
© than a plane; and if truly formed, yet 
*. would only reflect thoſe Rays truly which 
reſpect the Axis. 3. The Errors of the 
** ſaid Conyex will be much augmented by 
the too great Diſtance through which the 
** Rays reflected from it muſt paſs, * 
| their 
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their Arrival at the Eye-Glaſs. For 
which Reaſon I find it convenient to 
make the Tube no wider than is neceſſa- 
ry, that the Eye-Glaſs be placed as near 
to the oval Plane as is pothble, without 
obſtructing any uſeful Light in its Paſſage 
to the Object-Metal. 4. The Errors of 
the Object - Metal will be more augment- 
ed by Reflexion from the Convex than 
from the Plane, becauſe of the Inclination 
or Deflexion of the Convex on all Sides 
from the Points on which every Ray 
ought to be incident. 5, For theſe Rea- 
ſons there is requiſite an extraordinary 
Exactneſs in the Figure of the little Con- 
vex ; whereeas I find by Experience, that 
it is much more difficult co communicate 
an exact Figure to ſuch ſmall Pieces of 
Metal, than to thoſe that are greater. 
6. Becauſe the Errors at the Perimeter 
of the concave Object - Metal, cauſed by 
the Sphericalneſs of its Figure, are much 
augmented by the Convex, it will not 
with Diſtinctneſs bear ſo large an Aper- 
ture as in the other Conſtructions. 7. By 
reaſon. that the little Convex conduces 


very much to the magnifying Virtue of 


the Inſtrument, which the oval Planc 
doth not, it will magnify much more in 
proportion to the Sphere on which the 
great Concave is ground, . than in the 
_— | © other 
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other Deſign ; and ſo magnifying Objects 
much more than it ought to do in pro- 
portion to its Aperture, it muſt repreſent 
them very obſcure and dark ; and nor on- 
ly fo, but alfo confuſed, by reaſon of its 
being overcharged. Nor is there any 
convenient Remedy for this: For if the 
little Convex be made of a larger Sphere, 
that will cauſe a greater Inconvenience, 
by intercepting too many of the beſt 
Rays; or, if the Charge of the Eye- 


Glaſs be made ſo much ſhallower, as is 


neceſſary, the Angle of Viſion will there- 
by become fo little, that it will be very 
difficult and troubleſome to find an Ob- 
jet; and of that Object, when found, 
there will be but a very ſmall Part ſeen 
at once. 

By this you may perceive, that the 
three Advantages which Monſ. Cas s E- 
GRAIN propounds to himſelf, are rather 
Diſadvantages : For, - according to his 
Deſign, the Aperture of the Inſtrument 
will be but ſmall, the Object dark and 
confuſed, and alſo difficult to be found. 
Nor do I ſee why the Reflexion is more 
upon the ſame Axis, and ſo more natural 
in the one Caſe than in the other; ſince 
the 4xis itſelf is reflected towards the 
Eye by the oval Plane; and the Eye 
may be defended from external Light 4 

— We. 


- 
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© well at the Side as at the Bottom of the 


* 


cc Tube. 6 : 
* You ſee therefore that the Advantages 


* of this Deſign are none, but the Diſad- 
© vantages fo great and unavoidable, that 
© I fear it will never be put in Practice with 
e good Effect. And when I conſider, that 
* by reaſon of its Reſemblance with other 
© Teleſcopes, it is ſumething more obvious 
© than the other Conſtruction, I am apt 
_ © to believe that thoſe who have attempted 
any thing in Catoptrics, have ever tried 
© it in the firſt place; and that their bad 
& Succeſs in that Attempt hath been the 
« Cauſe why nothing hath been done in 
* Reflexions: For Mr. Gzxecory ſpeaking 
aof theſe Inſtruments in the aforeſaid Book, 
Page 95. faith, De Mechanica horum 
& Speculorum & Lentium ab alits fruſtra 
* tentatd, ego in Mechanicis minus verſa- 
tus nibil dico. So that there have been 
* 'Trials made of theſe Teleſcopes, but yer 
in vain, And I am informed that about 
« ſeven or eight Years ſince, Mr. GREGOR 
© himſelf, at London, cauſed one of fix 
* Foot to be made by Mr. Reive; which I 
© take to have been according to the afore- 
“ ſaid Deſign deſcribed in his Book, be- 
© cauſe though made by a skilful Artiſt, yer 
©& it was without Succeſs. 


* I could 
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e could wiſh therefore Mr. Casszcrain 
© had tried his Deſign before he divulged 
it: But if, for further Satisfaction, he 
pleaſe hereafter to try it, I believe the 
© Succeſs will inform him, that ſuch Pro- 
ects are of little Moment till they be put 
< in Practice. 


After this Dr; G RxcoR, in a Letter to 
Mr. Cori Ns from St. Andrews, Sept. 23. 
1672 (N. 4.) replies to Sir Is AA cs Ani- 
madverſions upon M. Cisszc RrArN's Tele- 
ſcope, looking upon it as his own diſguiſed ; 

propoſes to uſe a plane Speculum inſtead 
of his concave or CAsSEGRAIN'S convex, to 
remedy ſome Inconveniences found by Sir 
IsAAc, and make his Teleſcope ſtill ſhorter 
than Sir Is AAC. He thinks the oblique 
Reflexion from the little Plate in Sir Isaac's 
much worſe than his own direct Reflexion 
from his ſmall Speculum; but thinks a little 
Concave or Convex worth trying, becauſe 
different Charges may be then given to the 
Teleſcope with the fame Eye-Glaſs ; which 
he thinks impracticable in Sir Isaac's. Sir 
Isaac's Anſwer to theſe Objections was ſent 
to Mr. Cori xs, which he communicated 
to Mr. Gxecorry (but I could not meet with 
that Letter of Sir Isa ac's) who ſeems there- 
by convinced, that an oblique Reflexion is 
prefcrable to a direct one; but does not con- 
De | H h ceive 
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ceive how Sir Is a A c can alter the Charge 
of his Teleſcope without changing the Eye- 
Glaſs, | mi 1.14 : i170 
(N. B. Dr. GrtEGoRY'S Letter which 
contains this Reply is printed at the End 
of the Appendix, No. 6. But I don't take 
notice here of the Arguments pro and con 
concerning the Tubercula, or little Emi- 
nences in the reflettine ſmall Metal being 
ruck directly or obliquely by the Rays of 
Light ; becauſe in fait they are not ſiruck 
at all by the Rays of Light, which are 
reflected without Contact or. Impulſfuon 
againſt the Tubercula, or any Part of the 
poliſhed Metal; as Sir Is aac found out 
—_— though he did not know it 
- then. * þ 
Sir Isaac in his next Letter (the laſt we 
publiſh here of his, Ne. 7.) gives an Ac- 
count of his Manner of varying the Charge 
in his Teleſcope, by making uſe of a Glaſs 
Priſm with two convex Surfaces and a flat 
one, inſtead of his ſmall plane Mirrour. He 
alſo ſnews how the Aperture of the Eye- 
Glaſs ought to be limited in Dr. GzzGorv's 
[Teleſcope ; and for his own Teleſcope he 
lays all the, Streſs of Magnifying upon 
the Eye-Glaſs. The reſt of the Letter is 
concerning a Reflecting Microſcope men- 
tioned by him in the Tranſatlions, and a 
reflecting Glaſs Mirrour for burning, pro- 
| 7-2; poſed 
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poſed by Dr. GAE OR in one of his Let- 
ters (Ne. 6.) which Mirrours are now very 
commonly made. 

Dr. GE GO Ry in his laſt Letter to Mr. 
CorLrins on this Subject, from St. Andretus, 
May 13, 1673. (Ne. 8.) commends Sir 
IS AA NEWTO NS Way of varying the 
Charge of his Teleſcope; but thinks it 
liable to ſome Errors, owing to the Refrac- 
tion of the Rays at their Entrance into and 
Emerſion out of the convex Surfaces of the 
little Priſm. He thinks it not worth while 
to look on terreſtrial Bodies with excel- 
| lent Teleſcopes, becauſe they magnify the 
Particles of the Atmoſphere as well as the 
ObjeR.- Then he propoſes a Plate of Metal 
with a ſmall Hole in it to be placed in the 
Focus of his Eye-Glaſs next to the Eye, to 
intercept all the ſpurious Rays (without 
which, ds it has appeared ſince in Prac- 
tice, this Teleſcope would be of no Uſe) and 
concludes with aſſerting, that if it appears 
by Trials that common Microſcopes (that is 
Microſcopes with two or three Glaſſes) can 
be brought to exceed all Improvements of a 
ſingle Leut, then it will follow from thence 
that his Teleſcope may be brought to ex- 
cecd Sir IS AAC NEWTON'S. 

There have been no Attempts made ſince 
that time (7s. ſince the Year 1673.) to 

. h 2 make 
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make either of theſe Sorts of Teleſcapes,* 
at leaſt no ſuccesful ones that have been made 
publick, till in the Year 1723, that is at the 
Diſtance of fifty Years, Mr, HaDdLzy made 
the reflecting Teleſcope deſc: bed in the 
Philoſophical Tranſaitions, No. 376, to 
which 1 refer the Reader : Bur I think it 
not improper to copy from another Tranſ- 
action (No. 378.) the Obſervations made 
by the late Reverend Mr. Poux p, and his 
Nephew the Reverend Mr. BRAD LEV, at 
Manſtead, in the Year 1723. as alſo others 
made by Mr. HAD TE himſelf with this 
Teleſcope, before I give an Account alſo of 
the Gregorian Teleſcope, now likewiſe 
made and brought to Perfection by the ſaid 
Mr. HAD Ley, together with a Table of his 
Calculations concerning this Teleſcope, com- 
municated to me lately. 


Phil. Tranſ. No. 378. Pag. 382. 


A Letter from the Rev. Mr. Jamts Poux, 
Rector of Wanſtead, F. R. S. to Dr. 
Jo Rix, Secr. R. S. concerning Obſerva- 
tions made with Mr. HDE Y Reflect- 
ing Teleſcope. | 

Three or four French Authors have indeed mentioned 
the Uſe of concave metalline Mirrours, inſtead of one of the 


Eye-Glaſſes of a Dioptrical Teleſcope ; but the Thing was 
never put in Practice. | 
Mis 
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de It were to be wiſhed, that, with the 

* particular Deſcription given in a late 
* Tranſattion (No. 376.) of the curious 
* Mechaniſm of that Catadioptric Tele- 
** ſcope which was made by Mr. HAD EEx, 
* and by him preſented to the Royal S- 
| © ciety, that moſt ingenious Gentleman 
& would have communicated alſo a full Ac- 
* count of what Obſervations he had made 
* with it; whereby the Publick might at 
* length have been apprized of the Uſeful- 
* neſs of an Invention (worthy of its great 
Author Sir Is AA Nt wrTox) which, 
** perhaps from the vain Attempts made by 
“ ſome of putting it in Practice, hath lain 
© neglected theſe fifty Years : For it is fo 
e long ſince it was firſt publiſhed in the 
“ Philoſophical Tranſactions, No. $1. © 
Mr. HADTET hath ſufficiently convin- 

*© ced us, that this noble Invention doth not 
* conſiſt in bare Theory; and it is to be 
* hoped, that he, or ſome other ſuch cu- 
* rious and worthy Perſons (who ſeruple 
* not at a little Pains and Coſt) will in a 
* ſhort time find out a Method, either of 
© preſerving the concave Metal from tar- 
s niſhing, or of clearing it eaſily when tar- 
©* niſhed, or elſe of making a good concave 
a Speculam of Glaſs quickſilvered on the 
back part. When a Method for either 
© of theſe ſhall be diſcovered, tis not to be 
* doubted, 
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©: doubted,: but that the old Dioptric Te- 
©. leſcope will be for the moſt part laid by, 
and this Catoptric one will be chiefly in 
cc uſe among the practical Aſtronomers ; in- 
ce aſmuch as ſeveral Inconveniences and 
<«<- Difficulties; which are unavoidable in 
the Management of the former, eſpecial- 
* ly when long, are in this latter wholly 
« avoided, N Is +3 
E © It is no ſmall Convenience, that, by 
« means of one of theſe Reflecting Tele- 
&. ſcopes, whoſe Length exceeds not five 
« Feet (and which may be managed at a 
© Window within the Houſe) celeſtial Ob- 
* jects appear as much magnified, and as 
* diſtin, as they do through the common 
ce Teleſcope of more than a hundred Feet 
in Length. 5 
Mr. BRA DIE Y, the Savikan Profeſſor 
* of Aſtronomy, and myſelf, have compared 
Mr. Haptey's Teleſcope (in which the 
focal Length of the Object-Metal is not 
© quite 5. Feet and 4) with the Huygenian 
© 'Teleſcope, the focal Length of whoſe 
Object-Glaſs is 123 Feet: And we find, 
© that the former will bear ſuch a Charge, 
©* asto make it magnify the Object as many 
times as the latter with its due Charge; 
* and that it repreſents Objects as diſtin, 
* tho' not altogether ſo clear and bright; 
*, Which may be occaſioned partly from the 
| a ** Diffe- 


Difference of their Apertures (that of the 
7 eie being ſomewhat the larger) 
an 


partly from ſeveral little Spots in the 
* concave Surface of the  Obje&-Metal, 
* which did not admit of a good Poliſh. 

* Notwithſtanding this Difference in the 
* Brightneſs of the Objects, we were able; 
© with this Reflecting Teleſcope, to ſee 
* whatever we have hitherto diſcovered 
by the Huygentar ; particularly the Trans 
* fits of Jupiters Satellites, and their 
Shades, over the Disk of Jupiter; the 
© 'black Liſt in Satarn's Ring, and the 
Edge of the Shade of Saturn caſt on his 
*'Ring, as repreſented by Fig; 4. Plate 
II. of che forementioned Tranſaion, 
*.N*t:3965:: nal at * 
„We have alſo ſeen with it ſeveral 
© times the five Satellites of Saturn; in 
viewing of which this Teleſcope had the 
« Advantage of the Fuygenian, at that 
«© time when we compared them: For it be- 
«ing in Summer, and the Haygenian Te- 
© leſcope being managed without a Tube, 


© the Twilight prevented us from ſeeing in 
© this ſome of thoſe ſmall Objects, which 
© at the ſame time we could diſcern with 
the reflecting Teleſcope. _ 
>, Tam, &c. 

* Ja, Poux p. 


Obſeroa- 


* 


Shade of the Planet caſt upon 
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Obſervations on the Satellites of Jupiter 
© and Saturn, made with the [ame Tele- 
ſcope. By Jou x HADLEY, E/q; F. R. S. 
Extratted from the Minutes of the 
Royal Society, April 6. 1721. 


* Mr. HA DIE gave the Society a Re- 
lation of ſome of the moſt remarkable 
& Obſervations, which he had made with 
* his Reflecting Teleſcope, before he pre- 
< ſented it to the Society. 

* In obſerving Jupiters Satellites, he 


& has ſeen diſtinctly the Shadows of the 


< firſt and third Satellites caſt upon the 
© Body of the Planet: Mr. Fox ES and 
& Dr. Juzin, being preſent, affirmed, that 
* Mr. HA DLE had likewiſe ſhewn them 
*© the Shadow of the third Satellite through 
ce the ſame Teleſcope. | 

In obſerving Saturn the laſt Spring, 
« at a Time when that Planet was about 15 
© Days paſt the Oppoſition, he ſaw the 
the Ring, 
and plainly diſcerned the Ring to be dit- 
* tinguiſhed into two Parts, by a dark 
< Line, concentric to the Circumference of 
the Ring: The outer or upper Part of 
© the Ring ſeemed to be narrower than the 
lower or inner Part, next the Body; and 
* the dark Line, which ſeparated them, 
— 3 | „ Was 
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© was ſtronger next the Body, and fainter 
* on the outer Part towards the up 
Edge of the Ring. Within the Ring he 
* diſcerned two Belts; one of which eroſſed 
* Saturn cloſe to its inner Edge, and ſeem- 
ed like the Shade of the Ring upon the 
© Body of Saturn: But when he conſider- 
ed the Situation of the Sun, in reſpect to 
* the Ring and Saturn, he found that Belt 
© could not ariſe from ſuch a Cauſe. 

* He ſays, that at Times he has ſeen with 
* this Teleſcope three different Satellites 
* of Saturn; but could never have the 
Fortune to ſee all five. 
. Ang. 1723. Mr. HA DLE adds, chat 

* he has ſeveral times ſcen the Shadow of 
© the firſt, ſecond, and third Satellites of 
0 Jupiter paſs over the Body of that Pla- 
* net; and that he has ſeen the firſt and 
© ſecond appear, as a bright Spot upon the 
Body of Jupiter, and has been able to 
4 liw Sight of them there for about a 
5 Quarter of an Hour, from the Time of 
* their entering on his Limb. 
- © PZupiter's Satellites have of late Vears 
A been ſo ſituated, with regard to the 
* Earth and Jupiter, that he has not had 
. Miene Opportunity of obſerving the 
Franſit of the fourth Satellite, or of its 


* Shadow. 


I 1 *© The 


cc 


24% APPEND IX. 
* 'The dark Line on the Ring of Saturn, 
parallel to its Circumference, is chiefly 
viſible on the Anſæ, or Extremities of the 
elliptic Figure, in which the Ring ap- 
** pears ; but he has ſeveral times been able 
to trace it very near, if not quite round ; 
particularly in May 1722. he could dil- 
cern it without the Northern Limb of 
* Saturn, in that Part of the Ring that 
* appeared beyond the Globe of the Planet. 
* 'The Globe of Saturn (at leaſt towards 
* its Limb) reflects leſs Light than the in- 
ner Part of the Ring; and he has ſome- 
times diſtinguiſhed it from the Ring by 
** the Difference of Colour. | | 
The dusky Line, which in 1720 he 
obferved to accompany the inner Edge of 
the Ring croſs the Disk, continues cloſe 
to the ſame, though the Breadth of the 
FEllipſe is conſiderably increaſed ſince 
© that time. 


cc 
cc 


cc 
4c 


An Account of the Gregorian Reflecting 
Teleſcope, as perfected, by Joun Hazy, . 

_ Eſq; Yice-Prefident of the Royal So- 
ciety, in the Year 1726. . 


At the Bottom of the large Tube (ex- 
preſſed by a ſtrong black Line) is fixed the 
concave metalline Speculum BB, perforated 
with the Hole CC; oppoſite to 9 

| | Hole 


ry 


APPENDIX. 4. 
Hole is placed a ſmall Speculum of the ſame 
Metal F P cconcave towards the great Me- 
tal, and ſo fixed to a crooked Arm, that it 
may be brought towards or carried from- 
wards the great Speculum, keeping its 
Axis ſtill in the fame Line (ois. in the 
common Axis of both Specula) and by that 
means parallel Rays, or Rays from the 
Points of a very diſtant Object, coming to 
the great Speculum in the Lines OO, PP, 
c. and falling upon the great Speculum 
between B and C will be ſo united at its 
Focus, as to form there the Image G G of 
the Object O P ſuppoſed at a vaſt Diſtance. 
The Rays diverging again from their re- 
ſpective Points of the Image, go on diver- 
ging, and fall upon the little Concave F F, 
whoſe focal Length is DI, and from its Sur- 
face are reflected nearly parallel to their re- 
ſpective Axes (not wholly ſo, becauſe D G 
is greater than DI) and with all the Axes 
or. principal Rays move parallel to the com- 
mon Axis through the Hole in the great 
Speculum, in the Direction DA, fo enter- 
ing info the ſmall Tube N M M N, which 
is fixed to the great Tube behind the Se- 
culum, fall upon the convex Side of the 
plano-convex ocular Lens NN, and paſting 
through it, form a ſecond Image at gg, 
whoſe Bigneſs is limited by the Hole of the 


perforated opake Circle- or Diaphragm 
| It 3 placed 
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placed at RR. That ſecond or erect Image 
of the firſt inverted Image of an erect Object 
is ſeen large, clear, and diſtin by the Eye 
at E, which ſees it through the ſmall Hole 
in the Plate MM. and the laſt Eye-Glaſs 
SS, which is a Meniſcus: For the Eye 
will ſee it under the Angle S ES made by 
the Axes of thoſe Pencils of Rays which 
came from the Extremities of the viſible Ob- 
ject; and the Rays belonging to each Pencil 
will be parallel to their reſpective Axes. 
Beſides, the ſpurious Rays will be all cut 
off by the Plate MM; which makes the 
Viſion very diſtinct. This Teleſcope is not 
only good for common Eyes, but the Rays 
that enter the Eye will be made to converge 
a little for the Presbytæ, or to diverge a 
little for the My5pes, by means of a Skrew 
fixed to the Arm of the little Concave, to 
remove or to bring it forward upon Occa- 
ſion. [N. B. The Reaſon why Mr. 
HADLE v uſes a double Eye-Glaſs inſtead 
M a {angle one propoſed by Dr. GRE ory, 
is, to prevent the object being coloured at 
the Edees of the Aperture.| The ſeventh 
Figure is drawn in the quarter Proportion 
of an Inſtrument of 1 2 Inches focal Length. 


BB is the larger concave Speculum, its 
focal Length A G. 


FF 
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FF is the ſmaller concave Speculum, its 
focal Length I D. 

The Breadth F F is about # of an Inch 
wider than the Hole CC in the larger Spe- 
culum. 

N the firſt Eye-Glaſs is plano-convex. + 

8 the ſecond Eye-Glaſs plano-convex 
likewiſe, or rather a Meniſcus. 

Ma Plate with a ſmall Hole in it to ex- 
clude all foreign Light, with an Hole in 
it £ of an Inch. 

RR the limiting Circle or Diaphragm. 

The Arrows are the ſeveral ſucceſſive 
Images of any Object. | 


TAB L E 1. 


IA . z Inches 12 Inches 18 Inches gz Inches 


= the That is, the 
Charge is = 36 = 49 = 66J Power of 
1270 13 Magnifying: 

B Bo. j= 2 = 2. J= 3. 7 

I D==e. $2= 2,32 3.22= 4-22 

F F=0.315= O. 56 = O. == 0.88 

C C=0.295= ©. 54= 9. 68— 0.86 


| Length of 5 N=1. 48 3-27= 3-97= 4.91 


Length of 3 SD. 7J= 1. 3= 1:54= 185 
AD=3. 96=14-66=21.69==31. 9 
A N=0. 5= o. = 0.75=.0. 8 
N $2=1. 4= 3. 6= $3.08= $3. 7 
8 Mo. 45= c.76= 0.88 = 1. o 
R Rææ o. 2= 0-37= 0-44= 0.53 


N. 2. 
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N. B. Theſe Calculations are for the 
Day, where Objects are to be magnified but 
little in proportion to what the Heavenly 
Bodies may be at Night; for which the 
following Table gives the Proportions. 


TABLE I. 


If AG be = 12 Inches = 18 Inches = 27 Inches; 
And the Charge 0 = 95 = 128 


BBmuſtbe— 2 —= 2. 7 = 3.75 
ID. — 1.74. = 2 . 36 = 3 222 
FE F 0 ne o. 56 
C C = de =. 03 54 
Focus of N = 3 9 2032407 
Focus of 8 neden 
AD 213. 91. 220. 4 =30. 56 
AN 1 0:75 0. 8 
NS — 7 BY / © I WA. x WY. 
SM = 04> 0:46 =.0., 7 
RR = 0.35.= 0.29 = 0.36 


The Breadth in the Hole of the plate M 
muſt be; of an Inch. | 


N. B. The varying the Length of AN, 
that is the Diſtance of the firſt Eye-Glaſs 
behind the fore Surface of the Speculum B B, 
alters the other Proportions but little; ſo 
that if the Thickneſs of the Speculum, or 
other Circumſtances require it, - there is 
no need to keep exactly to the Numbers 
here ſet down for it. | 
Theſe 
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Theſe Teleſcopes are much more conve- 
nient for Day- Objects, and more eaſily ma- 
naged by Perſons who are not uſed to Tele- 
ſcopes in 33 than the Newtonian Te- 


leſcope: But again, they are not ſo conve- 
nient for Celeſtial Objects, eſpecially ſuch as 
are at at a conſiderahle Altitude in the Hea- 
vens; for Celeſtial Phenomena may be view- 
ed quite up to the Zenith with the ſame 
Convent iency as at the Horizon, with Sir 
Is AAc's Teleſcope ; which cannot be done 
with the Eregorian. Beſides, in looking at 
Celeſtial Objects, we may ſee them only with 
an Eye-Glaſs, and by means of one ſingle 
Image, in uſing the Newtoman Teleſcope ; 
whereas the Gregorian has always two 
Images, 

In ſhort, when once Micrometers can be 
uſefully applied to theſe two Sorts of Re- 
fleing Teleſcopes (which Artiſts are now 
endeavouring to do) the long Dioptrical 
Teleſcopes will be quite out of uſe, and 
| Aſtronomical Obſervations will be made as 
certainly, much cheaper, and with more 
Expedition. 

N. B. The tuo foregoing Tables of Cal 
culation, concerning the Gregorian Tele- 
ſcope, being only ſent me, by Mr. Haprey, 
for my private Aſſiſtance in making that In- 
ſtrament ; upon my asking Leave to publiſh 


it, he anſwered, That as he did not deſign 
to 
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to make it public, he had not been correct, 
farther than the ſecond or third Place of the 
Decimals ; and therefore could not give it 
out for perfect. But as it is ſufficient for 
Practice, I thought proper to give it here. 
And, at the Cloſe of this Appendix, I have 
added Mr. HA DUE ys Letter to me with his 
new Calculations for the Reflecting T eleſcope. 
I ſhould do Injuſtice to Mr. HAD LE, if 
I ended this Appendix without taking no- 
tice of his admirable new Invention of a Re- 
Hlefting Quadrant, for taking Altitudes and 
Angular Diſtances more accurately than ever 
yet was done; and with ſo much Eaſe, that 
the Shake of a Ship does not influence the 
Correctneſs of the Obſervation, it being 
only required to find the Object. This is 
an Advantage which no Quadrant ever yet 
had. I do not here give the Deſcription 
of it, becauſe it is fully done in the Philo- 
ſopbical Trauſadtions (N®. 420.) and the 
uadrant may be had at Mr. B. S1ss0N's, 
the Corner of Beaufort-Buildings in the 
Strand; where a Book is given with the 
Ouadrant, which ſhews its Uſe in the 
plaineſt manner. As ſoon as the common 
Prejudice againſt new Things is worn off, 
and the Inſtrument is well known, I do not 
believe any Ship will go a long Voyage 
without one of theſe excellent Quadrant. 


ORIGH 


ORIGINALS 


Referred to in the foregoing 


APPENDIX. 


1 . 4, on * | * * , mn 
nee 1:% NN B. I. | 
Ex). Garepan Reim promota P. 93. 


189 

— Vrin autem genus aureum nulla habe 

incommoda, & omnes 2 n Pre- 
prietates habere poteft, &c. 3 


N 22 HE third Sort, which from its 
Value we may very well call a 

| 14 I L golden one, has no Inconvenien- 
ess, and may have all the Pro- 
| perties of the other Sorts; pro- 
vided the Lens's and Specnla' be rightly 
diſpoſed; that is; if the laſt Image and the 
laſt but one be produced by Specn/a, and the 
reſt by Lens's. We mal therefore here, 
for Example, deſcribe a Teleſcope of this 
moſt perfect Kind. Let A D CE (Y.. IV. 
Fig. 1.) be a 1 concave Speculum 


moſt 
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moſt exquiſitely poliſhed ; in whoſe Focus * 
C is placed a ſmall elliptic concave Specu- 
lum, having a common Focus and common 
Axis with the concave parabolic” Sperulum, 
and let it be fixed in that Situation. Now + 
the faid Focus of that elliptic Speculum 
muſt be very near to its Vertex, and the 
other Focus of it muſt be very far from the 
ſame at F, in the common Axis produced 
beyond the parabolic Spreulny: ; and thro' 
the Yertex of the parabolic Specu/um muſt 
be made a round Hole M N, in which Hole 
muſt be placed a Tube having the ſame Axis 
with the Specula, and big enough to re- 
ceive the Rays of a Viſible reflected from 
the elliptic concave Seculum; and let it 
be continued to L very near to F; and at 
L let a Tenr of Cryſtal, convex towards 
the Specula, with the Convexity of a Co- 
noid, and the Denſity of the Cryſtalline (of 
the Eye) be fixed, whoſe exterior Focus 
mult be at F, and which muſt be plane to- 
wards the Eye, and likewiſe have the ſame 
common Auis as the Specula and the Tube. 
This will be the Way to make an excellent 
Teleſcope for Prestytæ : For diſtant Objects 
ſeen through the Tube will appear very 
diſtinctly, magnified very near in the Ratio 
of the Diſtances of the Yertices from the 


be Author means, Near anbgß Focus, 
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common Fc; and enlightened in the ſame 
manner as a viſible would be, when ſeen 
under ſuch an Angle; provided the Diame- 
ter of what produces the laſt Image be big 
enough to ſuffer the Lvea of the Eye to be 
one with the Rays: And how that may 
8 done, we have taught in the Schalium of 
the 51ſt of this Book, G. 


/ re W 4 
_—_— 
— — —„ — 
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„ e eee eee 
Copy of a Later written by My. NtwrToN 
to a Friend of bis (taken from Mr. Co/- 
liuss Tranſcript.))) 
* ITR Mead Vin, Coll, Cambridge, 
r . 23, 1064. 
F Promiſed in a Letter to Mr. Ent to give 
4 you an Account of my Succefs in a 
mall Attempt I had then in hand , and it 
is this: Being perſuaded of a certain Way 
whereby the practical Part of Optics might 
be promoted, I thought it beſt to proceed 
by degrees, and make a ſmall Proſpective 
firſt, to try whether my Conjecture would 
hold good or not. The Inſtrument that 1 
made is but fix Inches in Length; it bears 
ſomething more than an Inch A and 
a plano- convex Eye-Glaſs, whoſe Depth is 
* of + Part of an Inch: So that it magnifies 
| K k 2 about 
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about 30 times in Diameter; which is more 
than any ſix Foot Tube can do, I believe, 
with Diſtin&tneſs. But by reaſon of bad 
Materials, and for want of good Polith, it 
"repreſents not Things ſo diſtin as a ſix Foot 
Tube will do; yet I think it will diſcover 
'as much as any three or four Foot 'Tube, 
eſpecially if the Objects be luminous. 1 
have ſeen with it Jupiter diſtinctly round 
and his Satellites, and Venus horned. Thus, 
Sir, I have given you a ſhort Account of 
this ſmall Inſtrament ; which though in it- 
ſelf contemptible, may yet be looked upon 
2s an Epitome of what may be done ac- 
cording to this Way: For I doubt not but 
in time a ſix Foot Tube may be made aſter 
this Method, which will perform as much 
as any 60 or 100 Foot Tube made after the 
common Way; whereas I am perſuaded, 
that, were a Tube made after the common 
Way, ef the pureſt Glaſs exquiſitely poliſh- 
ed with the beſt Figure that any Geometri- 
cian (Des- Cartes, &c.) hath or can deſign; 
(which I believe is all that Men have hither- 
to attempted or wiſhed for) yet ſuch a Tube 
would ſcarce perform as much more as an 
ordinary good Tube of the ſame Length. 
And this however it may ſeem a paradoxi- 
cal Aſſertion, yet it is the neceſſary Conſe- 
quence of ſome Experiments which I have 
made concerning the Nature of Light, c. 
117066 . Nu us. 


t 
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2 4 ; N U M B, II. | 
"Copy of Part of a Letter io Mr. Jo nun 


COLLINS. 


be | 2 
Auberdten, 6 Auguſt, 1672. 
xs Ike indeed that Mr. Nzwrox 
I his Teleſcope may have an Ad- 
vantage above that which I mention d in my 
Optica promota, becauſe the Eye-Glaſle js 
ſo near the plane Mirroir; yet the Obliqui- 
tie of the Mirroir hindereth ſomeqt: Ne- 
vertheleſs my Teleſcope hath one Advan- 
tage alſo verie conſiderable; for the ſame 
concave Mirroir togither with the ſame 
plane: convex Eye-Glalle may give the ſame 
'Obje&-Mirroir any deſired Charge, G . 


Your humble and 
obliged Servant, 
J. GxZGORIE. 


. 


. yo _ _——— _— Ww- * —] A OA. os 


— — 


* 


Nu M B. IV. 


l St. Andrews, 26 Sept. 1672. 

. 

12 of the third of Auguſt I received 
a conſiderable time ago, c. — I have 

caſt an Eye on Mr Cass x6 RAIN his Tele- 


ſcope, 


- 


F 
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ſcope, which ſeemeth to be the ſame with 


that in my Optica promota, Page 94. onlie 
he hath a convex Speeplum F {Plate IV. 


Fig. 5.) in place of my concave; which is 
no great Alteration, . I think myſelf therfor 


| obliged to anſwer to theſe Diſadvantages 
Mr. NzwrTox finds in it, I mak therfor F 
an plane Speculum, and then almoſt the 
whol Diſadvantages evaniſhe, except onlie 


the third; and for that, ther is an Advan- 


tage as conſiderable, if not more; 2/2. that 


the Diſtance E F groweth almoſt. the one 
halfe leſſe ; and therfor the Errors of the 


concave CD ar alſo diminiſhed ypon the 
plane F by one halfe, Ther js yet another 
Advantage of this Teleſcope, that it will 
be little more then halſe the Lenth of Mr. 


NzwrToN's, and doe the ſame Effet. Ne- 
vertheleſs of theſe Diſadvantages which Mr. 
NEewToON mentioned, even with a concave 
or convex Speculum, this Teleſcope ma 

be worth the trying; ſeing the Eye-Glaſſ: 
and Speculum F being moveable, the Spe- 


culum CD can have by their Help anic 


deſirable Charge; which I think a great 
Advantage. What I ether did or ſaid need- 
eth not diſcourage anie ; for I ſpeak ther 
onlie of the hyperbolick and elliptick Glaſſes 
and Speculum, which wer attempted in 
vaine, as it is clear from the Senſe of the 


Word. As for my Experiment with Mr. 
N Kies, 
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Rives, he could not poliſh the large Con- 
cave upon the Tool: And I (not knowing 
anie Advantage of the Catoptrick Teleſcope 
above the Dioptrick, ſave onlie the Short- 

nes and Similitude betwixt the Circle and 
Parabola, which is greater than that bet wixt 
the Circle and Hyperbola) imagined that this 
great DefeQ in the Figure wold euſilie coun- 
_ terbalance theſe two pettie Advantages. Upon 
this Account, and being about to go abroad, 
I thought it not worth the Pains to truble 
my ſelf anie further with it; ſo that the 
Tube was never made: Yet I made ſome 
Tryals both wich a litle concave and convex 
Speculum; which, wer but rude, ſeing I 
had but tranſient Views of the Object; de- 
ing ſo poſſeſſed with the Fancie of the de- 
fectiye Figure, that I wold not be at the 
Pains to fix everie thing in its due Diſtance. 
Ther is no ſuch Exactnes required in the a 
Speculum F as in the Speculum CD; but = 
indeed more than in the Eye-Glaſſe. l ſu- 94 
poſe ther is no Queſtion that direct Rayes 
have the Advantage of oblique; ſeing a 
Ball thrown directlie on a rough Wall hath 
a more regular Reflection then when it is 
thrown obliquelie. However this is not 
derogat from Mr. NIwrok, whoſe Diſto- 
veries hath made the Catoptrick Teleſcopes 
preferable to the Dioptrick, Cc. cle 
This Teleſcope with the plane Speculum 
will indeed loſe maire of the beſt Raies; ow 
OS ITY | oF thele 
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theſe nevertheleſs ar always leſs then + of 
the whol, the Eye-Glaſſe being advanta- 
giouſlie ſituat; which Defe& ſome perchance 
may think recompenſed by the ee of, 
the Teleſcope. 
I ſuppoſe ther is no great Hazard of over- 
charging the Teleſcope by the concave. or 
convex Speculum; for the Charge can be. 
changed at Pleaſur : Nether is it probable 
to me that the Errors of the Object-Specu- 
lum ar made more ſenſible (the magnifica- 
tion being al waies the ſame) by a cbncave 
or convex Speculum and an Eye-Glaſſe, 
then by an plane Speculum and an Eye- 
Glaſſe, ſave onlie upon the Account of 
greater Diſtances; which I think the onlic 
D. of chis Teleſcope. , | 


N ” 


© Your — OF Servant, 
J. G's REG on r. | 


N . 


105 ** 
Cambridge, Yan 5 674. 
8 I R, bf 
A T the reading of your Letter I was 
ſurpriſed to ſee ſo much Care taken 


about ſecuring an Invention to me of which 
r have Rae had fo * Valte. And 
there- 


. 


* 


— 
& * 
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therefore ſince the Royal Society is pleaſed 
co think it worth the patronizing, I muſt 
acknowledg it deſerves much more of them 
for that, than of me, who, had not the 
communication of it been deſired, might 
have let it ſtill remained in private, as it 
hath already done ſome Veares. 

— The Deſcription of the Inſtrument you 
ſent me is very well, only the radius of the 
concave metal, which you put 14 Inches, 
is more juſtly 12; or 13 Inches; and the 
radius of the eye-glaſs, which you put 
half an inch, is the twelft part of it, if 
not leſs: For the metal collects the ſun's 
rays at 63 inches diſtance, and the eye- 
glaſs at leſs than s part of an Inch Diſtance 
from its vertex. By the tools alſo to 
which they were ground I know their 
Dimenſions ;, and particularly meaſuring 
the Diameter of the hemiſpherical Con- 
cave, in which the Eye-Glaſs was ground, 
I find it the ſixth part of an Inch. | 

Perhaps it may give ſome Satisfaction to 
Mounſieur Hur ENS, to underſtand in 
what Degree it repreſents things diſtinct 
and free from colours; and to know the 
aperture by which it admits light: And 
after the words [— Ferſus Focum E re- 
Hleftatur.| (Pl. IV. Fig. 2.) it may not 
be amiſs to add this note, 

LI Cuſe- 
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Conferendo dliſtantias foci iſtius a ver- 
ticibus Lentis & ſpeculi concavi, hoc eſt, 
EF; G ETU 675 dig. prodit ratio 
1 ad 38; qua indicatur objecta 38 vici- 
bus circiter ampliari. 

And to this proportion is very conſenta- 
neous the obſervation of the crowns on the 
weathercock: For the ſcheme repreſents 
it bigger by 2, times when ſeene through 
this then when through an ordinary per- 
ſpective. And ſo ſuppoſing that to magnify 
13 or 24 times, as by the. Deſcription it 
ſhould, this by the experiment proportion- 
ably. muſt magnity almoſt as much as I have 
aſſigned it. 

To the objection, that with it objects 
are difficultly found, I may anſwer, that 
that's the inconvenience of all Tubes that 
magnify much ; and that after a little Uſe 
the Inconvenience will grow leſs: For I 
could readily enough find any day- objects, 
by knowing which way they were poſited 
from other objects that I accidentally ſaw 
in it; but in the night to find Starrs, I con- 
feſs is troubleſome enough. Yet this may 
be caſily remidyed, by two ſights affixed to 
the iron Rod by which the tube is ſuſtein- 
ed. And ſuch I once intended ſhould have 
beene made before I ſent it away from mee, 
but that I thought the defe& would not be 

| adjudged 
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adjudged material. If ſuch ſights be not 
found a ſufficient remedy, there may bee an 
ordinary perſpective glaſs faſtened to the 
ſame Frame with the tube, and directed 
to the ſame object; as Des-Carres in his 
Dioptrics hath delcribed for remedying the 
ſame Inconvenience of h:s beſt teleſcopes. 

The plane ſide of the eye-glaſs is apt to 
bee ſoiled with duſt falling upon it; and 
therefore the little leaden Ring put into the 
orifice of the bigger leaden barrel to mo- 
derate its aperture, muſt be ſometimes taken 
out, and the glais wiped with leather 
done upon the ſmall en. of a ſtick, or 
other fach like contrivance; but care 
muſt bee taken that the {aid Ring bee not loſt, 
for without it Objects appear very confuſed 
at the edges of the apparent ſpace. So if 
the concave metal contract any dullneſs by 
moyſture, or otherwiſe, it ought to be 
taken out and rubbed with gentle leather, 
but not with Putty, or any thing that may 
weare the metal. 

I am very ſenſible of the Honour done 
me by the Biſhop of Sarum, * in propoſing 


mee Candidate; and which, I hope, will 


bee further conferred upon me by my Elec- 
tion into the Society. And if fo, I ſhall en- 
deavour to teſtify my gratitude, by commu- 
nicating what my poor and ſolitary endeavours 
LI 2 | can 

* Seth Ward, D. D. 
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can effe& towards the promoting your Phi- 
loſophical deſigns. 


SIR, 


Jam 


Your very bumble 
Servant, 


I. NEWTON». 


Nu MB VI. 


St. Andrews, 7 March, 167 3. 
SIR, t 
Have received yours, dated Pebr. 20, 
togither with Mr. NEwTor's Anſwer, 
with which I am exceedingly ſatisfied. I 
am much engaged to you both for the Pains 
ye have been at. 1 am almoſt convinced 
that oblique reflection cauſeth more Light 
then the direct; but I am not fully perſwa- 
ded that it is more regular. 1 conceive 
that the rudelie poliſhed plate of metall in 
an oblique poſition cauſeth the image ap- 
pear more diſtinct, becauſe the obliquitie 
hideth the concavities, ſo that no rayes 
come to the eyes but from the tops of the 
litle tubercula; which ar certeinlie beſt 
poliſhed, the other rayes which 9 
| tne 
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the image being keeped away. But if the 
plate be exactlie poliſhed (I ſpeak here as 
to ' ſenſe) the poſition mult be ſo oblique, 
before the inſenſible concavities can be hide, 
that the plane ſall almoſt turn, to the ſight, 
in a line. I Grant that I have been miſta- 
ken in that firſt Advantage which I men- 
tioned: for the plane Speculum F having 
certenlie (as all human artifice hath) ſome 
errors in it, cauſeth greater prejudice by 
their being remote from the focus than be- 
ing near to it; and in it ther is none at all 
cauſed : wher if it could be placed, and an 
near and direct aſpect had of it, this wer 
certeinlie the beſt teleſcope of this Sort. 

It is true indeed, that in teleſcopes with 
convex or concave Specula to double the 
charge, the lenth muſt be almoſt doubled; 
but to double is a great alteration, and 
hardlie ſufferable (as I ſuppoſe) in werie 
good glaſſes, if the leaſt charge be conſi- 
derable. But I underſtand not how the 
charge can be altered at all with the ſame 
glaſſes in Mr. Newron's Teleſcope ; for I 
| know nothing of that which was deſcribed 
to Mr. OrDENBURGH. It is true that eye- 
glaſſes can be charged in all Teleſcopes if 
they be at hand of the required depth. I 
think there is no great Hazard in theſe te- 
leſcopes of overcharging, ſeing the charge 
of the Eye- Glaſſe can be diminiſhed at _ 

ur; 
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ſur ; nether upon this account needs the 
angle of viſion be ſo ſmall, ſeing it is equal 
to the angle of the eye-glaſſe from its 
focus, its other focus being the litle ſpe- 
culum; nor the darknes at all augmented, 
if the apertures of the ſpeculums be pro- 
portional to the diameters of the Spheres. 
But above all things I defire to know this ; 
that ſeing the Image made by the great 
Speculum may be eſteemed a ſmal viſibile, 
and ſeing Mr. NeEwTox in the Tranſac- 
tions, Page 3080, thinketh it fitter to mak 
an microſcope or tube to behold an ſmal 
viſibile of one concave Speculum and one 
eye-glaſſe, rather then with one ſingle 
Eye-Glaſle, and much rather than with one 
plane Speculum and with one Eye-Glaſle : 
wherfor alſo to look to this ſmal viſibile, 
the firſt alſo ſould not be preferred to the 
laſt. This image indeed is not capable of 
ſuch magnification as an viſible is; yet I 


uam hardlic ſenſible how this ſould caſt the 


ballance; taking in the defects of a plane 
Speculum, togither with other inconve- 
niencies in taking up the object. FI ſaid 
indeed, that hyperbolick and elliptick Glaſles 
wer tryed in vaine; but I ſpoke not ſo of 
ſpherick Speculums (as Mr. NEWTON's 
Words ſeem to imply, Tranſaitions, Page 
4059.) for any thing I did deſerves not the 
Name of a 'Tryall, ſeing Mr. Rice and 

| Mr. 
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Mr. Cox both know that the great Speculum 
was poliſhed onlie with a Cloath and 
puttie : nether thought I it worth the pains 
at that time to be ſerious about further en- 
quiry in that buſines; for they undertook 
indecd to polith a leſs Speculum to me upon 
the tool. I am not yet fullie convinced 
which of theſe two ways have the advan- 
tage; albeit I incline more to Mr. New - 
ToNn's, eſpecialie becauſe of the ſmal di- 
ſtance betwixt the plane Speculum's focus 
and the eye. However, Experience muſt 
determine all; neither am I concerned how 
it happen. I had no Intention that my 
thoughts of theſe teleſcopes ſould be 
printed; my deſigne was onlie befor, as 
now, that (if ye. thought firt, otherways 
not) ye might ſend them to Mr. NewrTox, 

c. — 

Mr. Newrtox's Diſcourſe of Reflection 
puts me in mind of a Notion I had of burn- 
ing glaſſes ſeveral pears ago; which ap- 
pears to me more uſefull than ſubtile, If 
ther be a concave Speculum of glaſſe, the 

' leaded convex Surface having the ſame Cen- 
ter with the concave (or to ſpeak preciſelie, 
albeit perchance to little more Purpoſe, let 
the radius. of the convexitie be c, the 
thicknes of the glaſle in axis tranſitu 
f, the Radius of the Convexitie equal to 


— — Jh this Speculum ſal have 


the 
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the Foc; of both the Surfaces in the ſame 
Point ; and not onlie that, but all the Rays, 
which ar reflected betwixt the two Surfaces, 
ſal in their Egreſſe come quam proximè to 
the common Focus. The making of ſuch 
an Speculum requireth not much more 
Airt then an ordinar plane Glaſſe, ſeing 
great Subtilitie is not neceſſar here: 
So that I believe they, who mak the plane 
Miroir-Glaſſcs, wold mak one of theſe three 
Foot in Diameter for four or five L. ſt. or 
litle more: For I have ſeen plane Glaſſes 
almoſt of that Bignes ſold even here for leſs 
Money. Now feing (as Mr. NEwTON 
obſerveth) that al reflecting Metalls loſe 
more then ; of the Rayes: This concave 
Glaſſe even ceteris paribus, wold have an 
great Advantage of a Metall one; for cer- 
tainlie an exactlie poliſhed thin Miroir- 
Glaſſe of good — — Mater, aſter a 
few Reflections, doeth not loſe 4 of the 
Rayes : And upon other Accounts this hath 
incomparable Advantages, ſeing it is more 
portable, free from tarniſhing, and above 
al hardlie 4, of the Value. The great Uſe- 
fulneſs of Burning Concaves, this being ſo 
obvious, and as yet (for qt. I know) un- 
touched by anie, makes me jealous that 
there may be in the Practiſe ſome Fallacie. 
Ye may communicate this to intelligent 
Perſons, and eſpeciallie to Mr. NE WTON; 
aſſuring 


and Mr. NeEwTON. 273 


alluring him, that none hath a greater Ve- 
neration for him, admiring more his great 
and ſubtile Inventions, then his and 


Tour humble Servant, 


J. Gxtcorre. 


If ye pleaſe, let me hear with the firſt 
convenience what may be judged the reſult 
of this burning concave : for I am as much 
concerned, to be undeceived, if ther be any 
inſuperable difficultie, as to be informed of 
an moſt ſurprizing ſucceſs. I have ſpoke 
of it to ſeverals here, but al wer as ignorant 
of it as my ſelf, &c. 

[1 deſire yet to be more particular in the 
mater of teleſcopes. I ſuppoſe an 4 foot 
teleſcope have the aperture 6 inches; the 
litle concave having the aperture + inches, 
may magnifie 8 times, the radius being 1 
foot. In this caſe the hole in the midle 
of the great concave is onlie 3 inche, which 
being fitted with an eye-glaſſe equallie 
convex on both ſides, amplifying the Charge 
of the litle concave 24 times, doeth mak 
an teleſcope magnifying the object 190 
times (which is no extraordinar charge, 
ſeing Mr. NEwToNs table giveth 171, 
and might be much leſs without inconve- 
nience) taking in an angle of viſion of 
| M m above 
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above 20 Degr. and with this ther is not 
loſt % of the rays. with the Loſſe of 
of the Rayes it might magnifie not above 
144 times, and tak in an angle of viſion 
of above 28 Deg. with al this the midle of 
the object is illuſtrat with all the rays 
which the aperture of the great concave 
doth reflect. by theſe means I think that 
I keep of from thefe two inconveniences. 
mentioned by Mr. NewrTox in the ſeventh 
particular of his conſiderations. the e- 
vent of thefe other conſiderations, as I fup- 
poſe, can onlie be determined exactlie by 
experience. | 


NVU M B. VII. 


STR, 

Aving peruſed Mr. G RRR candid 
reply, I have thought good to ſend 

you theſe further conſiderations upon: the 
differences that till are between us. And 
firſt, that a well poliſhed plate reflects at 
the obliquity of 45 degrees more truly 
than dire& ones, ſeems to me very certain : 
for the flat rubercula, or ſhallow valleys, 
ſuch as may be the remains of ſcratches al- 
moſt worn out, will cauſe the leaſt errors 


in the obliqueſt rays which fall on all * 
the 
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the hill, excepting on the middle of the 
foreſide and backſide of it; that is, where 
the hill inclines directly towards or directly 
from the ray: for if the ray fall on that 
ſection of the hill, its error is in all obli- 
quities juſt double to the hill's declivity: 
but if it fall on any other part of the hill, 
its error is leſs than double, if it be an ob- 
lique ray, and that ſo much the leſs, by 
how much the ray is obliquer; but if it 
be a direct ray, its error is juſt double to 
the declivity, and therefore greater in that 
caſe. I preſume Mr. GREGOR, if you 
think it convenient to tranſmit this to him, 
will eaſily apprehend me. | | 
How the charge may be varied at Plea- 
ſure in my teleſcope, will appear by this 
Figure; where A repreſents the great con- 
cave, E the Eye-Glaſs, and ode: SH] 
BCD a Priſm of Glaſs or 3 
Cryſtal, whoſe ſides BC and B D are not 
flat, but ſpherically convex; ſo that the 
rays which come from G, the focus of the 
t concave A, may, by the refraction 
of the firſt ſide BC, be reduced into paral- 
leliſm, and, after reflexion from the baſe 
C D, be made by the refraction of the 
next {ide B D, to converge to the focus of 
the eye-glaſs H. 
The Teleſcope being thus formed, it ap- 
pears how the charge may be altered, by 
Mm 2 varying 
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varying the diſtances of the glafles and 


ſpeculum. | 
As for the Objection, That Mr. GR x- 
GORY 5$ Teleſcope will be either overchar- 
ged, or have too ſmall an angle of viſion, 
c. I apprehend that the difference between 
us lies in limiting the Aperture of the eye- 
glaſs. Mr. Grecor puts it equal to that 
of the little concave; but I ſhould rather 
determine it by this proportion; That if 
a middle point be taken between the Eye- 
glaſs and its focus, the apertures of the 
eye-glaſs and concave will beproportional to 
their 3 =_ Point: That is, 
„ in luppoſe A B the little con- 
n = EF the eye-glaſs, G 
H their common focus or image, and K ther 
mean diſtance between GH and EF; from 
the extremities of AB draw AK and BK, 
butting on the Eye-Glaſs at F and E, and 
EF ſhall be its Aperture. The reaſon of 
this limitation is, that the ſuperfluous 
light which comes on all fides of the f. 
culum AB to the ſpace G H, in which the 
picture of the object is made, may fall be- 
ſides the eye-glaſs: For if it ſhould paſs 
through it to the eye, it would exceedingly 
blend thoſe parts of the picture with which 
tis mixed; and ſuch are thoſe parts of it 
which extend themſelves beyond the lines 
AK, BK. As I remember, I ſaid in my 
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former letter, that the ſcattering Light 
which falls on the eye-glaſs will diſturb 
the viſion; and this is to be underſtood of 
any ſtraggling light which comes not from 
the picture; but if it come from the picture 
to the eye-glaſs, the diſturbance will be 
much greater, ſo as not to be allowed of. 
Againſt the firſt, I ſee no very convenient 
remedy ; and againſt the laſt, none but 
aſſigning a ſmall Aperture to the eye-glaſs ; 
ſuppoſing the Teleſcope is uſed in the Day- 
time, or in twilight, or to view the Moon, 
or any ſtarr very neare her, or neare the 
brighter Planets. And if for this reafon 
the Aperture be limited by any rule, the 
angle of viſion will become very ſmall, as 
I affirmed: For Inſtance, in that caſe 
where Mr. GREGOR in his Poſtſcript puts 
it above 20 degrees, it will be reduced to 
leſs than half a degree. Yet I confeſs 
there is a way by which the angle of vi- 
ſion may be ſomething enlarged ; but it will 
not be very conſiderable, unleſs the eye- 
glaſs be alſo deeper charged. 

Why I aſſign a concave with an eye- 
glaſs to magnify ſmall Objects (in Tranſ- 
actions, Page 3080.) and yet an eye-glaſs 
without ſuch a concave to magnify the 
image of the great concave, which is equi- 
valent to a ſmall object, is, becauſe that 
image doth not require to be magnified ” 

muc 
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much as an object by a Microſcope ; and 
further, becauſe the angle of the penicil 
of rays which flow from any point of the 
ſmall object, that the object may appear 
ſufficiently luminous, ought to be as great 
as poſſible; and a concave will with equal 
diſtinctneſs reflect the rays with a greater 
angle of the penicill than a Lens; but in 
the Teleſcope the Angles of thoſe Pencils 
are not ſo great as to tranſcend the limits 
at which an eye-glaſs may with ſufficient 
diſtinctneſs refract them: And therefore 
in theſe inſtruments I choſe to lay all the 
ſtreſs of magnifying upon the eye-glaſles. 
In Microſcopes alſo I would lay as much 
ſtreſs of magnifying upon the eye-glaſs as 
it is well capable of, and the Kc 3 only 
upon the Concave. 
Concerning my citation of Mr. GREGOR 
againſt Monſ. CassEGRAIN, the force of 
it lies only in the inference that Optic In- 
ftruments moſt probably, according to M. 
CasSEGRAIN'S deſign, have been tried by 
Reflexion ; which.I think I might well infer 
without having regard to the ſpecific figure 
of the ſpeculum which Mr. Gzzcoxr there 
ſpake of: And therefore I think it cannot be 
faid that I made him ſpeak of ſpheric fi- 
gures, where his meaning was of hy 
lic and elliptic ones. But if I ſhould be ſo 
' Underſtood, becauſe I put the figure of the 
113 8 great 
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great concave to be ſphericall wherever I ſpe- 
cify it, I know not why I might not by way 
of Conſequence make that Interpretation : 
For it is not probable that any man would 
attempt Hyperbolicke and Elliptic Figures of 
Speculums, until the Event of ſphericall 
ones had been firſt tried, 

And accordingly the tryal of Mr. GRE. 
GORY with Mr. Rejve was by a ſpherical 
Figure: Which tryal, although I am now 
ſatisfied that it was made very rudely, yet 
by the Informaton which I had of it when 
I wrote the letter about Mr. Cass RAIN 
deſign, J apprehended it to have been made 
with very great diligence and curioſity, 
as I frgnified in my former letter at large. 
And this 1 hope may excuſe me for ſpeaking 
of it in the Tranſattions as if it had been 
tried with more accuracy than really ir wes. 
And thus much concerning the Teleſcope. - 
The deſign of the burning Speculum ap- 
pears to me very plauſible, and worthy of 
being put in practice. What Artiſts may 
think of it I know not; but the greateſt ' 
difficulty in the practice that occurs ro me 
is, to proportion the two furfaces fo, thar 
the force of both may be in the ſame point 
according to the Theory. But perhaps it 
is not neceflary to be ſo curious; it 
ſeems to me that the effect would ſcarce be 

| ſenſibly 


280 LETTERs between Dr. GREGORY 


ſenſibly leſs, if both ſides ſhould be ground 
to the concave and gage of the ſame tool, 


Oc. 
Your humble Servant, 


Cambridge, April 9, 
1673. J. NEwrTrox. 


a. 


Nu M B. VIII. 


| St. Andrews, 13 May, 167 3. 

SIR, 

Received lately your's, dated the 19th 
April, togither with Mr. NeEwToNs | 
to you; for whoſe faire correſpondence I 
give you Both hearty Thankes : To which 
have onlie theſe few things to ſay. As 
to his firſt, I underſtand not well his mean- 
ing: an oblique poſition ſeemeth to expoſe 
al its inequalities more fullie to the rayes ; 
and ether altogither to hide the loweſt of 
the regular Surfaces, or otherways to reflect 
.the Rayes coming from them on the adja- 
cent tubercula. 

His way of varying the charge is indeed 
exceedinglie ingenious ; but I think thoſe 
Surfaces too lyable to the errors of the ar- 
tificer's Hand. The opacitie of the glaſſe 

priſme, togither alſo with the iregularitie 
| which 
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which he hath diſcovered in Refraction, 

may help to darken and confuſe the Sight. 
As for the next, I know not if it be wor- 
thie of the paines to look with excellent 
Teleſcopes on terreſtrial bodies: For as the 
Odject is magnified, ſo is the groſſenes of 
our Atmoſpher to our ſenſe encreaſed ; ſo 
that the one hindereth as the other belpeth. 
In celeſtial Obſervations any little thing ap- 

plyed to one or more ſides of the litle Spe- 
culum, may ſtape the Rayes of the Moon, 
or anie other of the brighter Planets, if 
theſe be alſo thought worthie noticing. I 
ſuppoſe that al theſe adventitious' Rayes 
may be hindered even in Day- light, by put- 
ing in the Focus of the eye-glaſſe towards 
the eye an thin Plate of ſome Metall with 
an litle round Hole in the midle in Diameter 
=, 1% or 5 of an Inch; which is calcu- 
late fo, as the Diſtance of the Eye-Glaſſe 
from the litle Concave is to the Diſtance of 
the Eye-Glafe from its Focus, ſo is the 
Aperture of the litle Concave to the Dia- 
meter of this Hole, It is true, at ſome. 
times this may hinder ſome of the Rayes, 
but they ar always the worſt ; and by en- 
creaſing the Aperture of the litle Concave 
not much above what my methode requirs, 
it will hinder non at all. I could not have 
judged that Mr. Nt wroy had thought on 
this Inconvenience in Mr. Cass RAINER his 
Nn Tele- 
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Teleſcope, ſeing it ſeemeth to me, even in 
his own Microſcope, Tranſactious, Page 
2080. for not onlie the direct Rayes of the 
Object O (nevertheleſs that it be looked to 
onlie with Day - light) but alſo. theſe pro- 
ceeding from the Objects befor the Concave 
ar always ſcattered through the whol 
Image; nether doe I ſee how it can be ex, 
actlie helped. | 

That we may ſe what Effect this ſcattered 
Light may cauſe in the Sight, let us ſuppoſe 
the Teleſcope to magnify 160. times, and 
the Aperture of the great Concave to contein 
$ times the Aperture of the Eye-Glaſle or 
litle Concave, and the Object to be a Planet 
apparent Diameter 5 of a Minute, in whoſe 
Image ther paſſeth the Rayes of another 
Planet of the ſame apparent Bignes and 
Brightnes. The Angle of Viſion is about 
16 Deg. the Planet appears in an Angle of 
15 Deg. that is to ſay, it illuſtrats ſo much 
of the Rerina. No the other Planet illu- 
ſtrats (I take no Notice of the litle Concave, 
which is to my Diſadvantage, ſeiag it keep- 
eth of manie of theſe Rayes) 16 Deg, of the 
Retina. Now becauſe of the Aperturs, 
ther ar 64 times as manie Rayes in 14 of a 
Deg. as in 16; that is to ſay, theſe adyen- 
titious Rayes have but t of the Splendour 
of the Image ; which I think hardlie ſenſible, 
The Brightnes indeed of the Moon wer — 

| 2 an 
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+ and not ſufferable ; which therfor is to 
be helped be ſome of the foreſaid Means. In 
the Twylight the Inconveniencie may be 
for the moſt pairt verie inconſiderable, and 
perchance ſomtimes (as alſo other adventi- 
tious Rayes) ad vantagious by making inſen- 
ſible the Circumradiancie of celeſtial Bodies. 
All this is ſuppoſing the Eye-Glaſſe convex; 
for if it be concave, the Eſſect is other ways. 
As to his laſt, I imagine that all Images 
doe require (ceteris paribus) to be magni- 
fied as much as may be. Nether doeth his 
other Reaſon appear to me ; for Penicills of 
the ſame Angles ar more trulie reflected by 
an Concave, then retracted by a Lens, And 
albeit in Teleſcopes the ſaid Angle tranſcend 
not the Limite of a Lens commonlie aſſigned, 
yet ſurelie the more it is exceeded by this 
Limite, it is fo much the better. And al 
this is obſerved in my Deligne ; yea ther is 
times as much Streſs of Magnifying alſo 
jaid upon the Eye-Glaſſe as on the litle 
Concave. It may alſo be noticed, that 
here ther ar no verie ſmal Sizes of Spheres 
to be poliſhed ; which can hardlie be done 
(as I ſuppoſe) to Preciſenes. It is poſſible 
that even in Teleſcopes ther may be more 
ſtreſs laid on the Eye-Glaſs then it can 
carrie ; eſpecialie in the extreme Penicills, 
wher the Incidence is oblique, and Refrac- 
tion perhaps ſo great, that of it may be 
ſenſible. 
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ſenſible. Alſo an ordinary Microſcope ſuf- 
fers no Aperture above the Limite of a Lens; 
and nevertheleſs it doeth much more then 
one {imple Lens, or elſe the Worlde hath 
been exceedinglie deceived. I dare not 
confidentlie affirme, that ordinary Micro- 
ſcopes may outdoe any Improvment of one 
Lens; but if they doe, I think it more 
then an probable Argument, that my Pro- 
jet ſall exceed Mr. NExwrox's; ſeing be- 
ſide the onlie Diſadvantage which I ſee in 
mien (to wit, the Diſtance of the Glaſſes) 

it hath the great Irregularitie of Refraction. 

I think nothing can be inferred concern- 
ing the Tryal of my Teleſcope from my Aſ- 
ſertion, ſeing the Tryal was after that AC- 
ſertion ; but Mr. NewTo N could not be 
ſuppoſed to know this. 


STR, 
Your moſt humbe Servant, 


J. GREGORIE. 


FINIS. 


IE 


The Reverend Dr. Dzs acUL1tRs. 


SIR, 


Have incloſed your Papers, (which were 
left with me laſt Week;) what I have 
added, you will be pleaſed to make uſe of, 
or not, as you think fit. The firſt is a Rule 
for the Parts of the Gregorian Teleſcope, 
of the ſame Nature with what I formerly 
delivered to Mr. Molincux, relating to that 
of Mr. Caſſegrain. 1 have carried the 
Tables for thoſe with two Eye-glaſſes, both 
for Night and Day, as far as it ſeems pro- 
bable to be of any Uſe, I am, 


STR, 
Your moſt bumble Servant, 


Dec. 9th, þ HAPDLEx. 
1734. 


P. §. I have juſt received the Favour 
of yours. I imagined, the Plate with the 
ſmall: Hole co exclude foreign Light in Te- 
leſcopes, to have been: my own firſt thought, 
but find Mr. 7a. Gregory had had the 


ame before. 
/ Oo The 


My 


2 


286 LETTERS between Dr. GRE COR 


The Proportions for the ſeveral parts 


of a Catadioptric Teleſcope of the Form 
propoſed by Mr. IAMES GrEGory. 
PLATE 4. Fig. 8. 


ET, AD repreſent the common Axis 
of the Teleſcope, and 2 concave Spe- 
cula BB and FF. Suppoſe A G the focal 
length of the Speculum B B, whoſe proper 
Aperture BB, and Charge, are likewiſe 
known. Let C C be the Breadth of the 
Perforation. F F the Breadth of the ſmaller 
Speculum equal to, or a little greater than 
CC. I its Focus; N the Eye-glaſs, NA 
its focal Length, and Ma Plate, with a ſmall 
hole to exclude all foreign Light. And let 
it be required to take in at one View fo 
much of the Object as may appear through 
the Teleſcope under a given Angle, 012. 
= CNC. To do this with the loſs of the 
feweſt Rays of Light near the Axis, the 
Proportions ſhould be as follow. 5 
Call AG 4. 
BB b. 
The Power or Charge m. | 
The Ratio of twice the ſemitangent of 
the apparent Angle of Comprehenſion re- 
quired C NC, to Radius 1. e. = =, 
Then H H the Breadth of the Image of 
ſo much of the Object as is ſeen at once, 


will be = 5 a, 
m 919); 
N. B. 


FE 
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UN. B. If inſtead of — a, you ſubſtitute 


c for HH, the Algebrais Expreſſions be- 
come ſomething more ſample, for which rea- 
ſon ] have added them. 


The Breadth of the Perforation C C ; of 


the great Speculum 24 V na x v na+mb, 
| | ET | 


or 6+v be + o. 
The focal Length of the (mall Concave ID. 


axy/.nax's4 na +8 na + mb 


na + mb -24 na * 1@ + mb 
aK Lees 
b+c+24 c 
The Diſtances of the Specula, 7. e. A D. 
a+tav na ors Taye. 
nam . 4 b46 
The focal Length of the Eye-glaſs, and 
its Diſtance from A, . e. AN. 
a Vn mab or EL, 


pong v £4 


7 * m Vn 77 


The Diſtance of the Plate M, behind the 

Bye- glaſs NM, = DNx AN 
IP, —__— 

The Breadth of the Hole in M NM x CC 

| DN * 

If a double Eye-glaſs be uſed with this 

Teleſcope, to prevent the Objects * 5 

| | oure 


1 . 
| , 
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loured near the Edges of the Area, the Image 
of the Object muſt be thrown back by t 
ſmaller Concave, ſo far behind the great Spe- 
culum, that there may be room enough to 
place the firſt Eye-glaſs N at a ſufficient Di- 
ſtance before it, and the Algebraic Expreſ- 
ſions of the ſeveral Parts become much more 
complex, wherefore I have omitted them, 
and added the Proportions for the follow- 
ing Sizes. | 


For the Night. 

If AG be 40 inches, 60 90 

and 2 172. 234. 317. 
A 1 
ID 4.8 5.88 $461 
FF O . 67 0.81 - 0.97 

CC 0. 66 O. 80 o. 
focus N 41 6 
length S 33.54 "M7 | Te 6: 
AD 44.72 66.4 98.68 
AN 0.9 EY "+ 
NS 3 + 04 3.64 4-4 
SM 0.8 113 
RR 0. 43 0.52 0.63 

For the Day. 
If AG be 40 inches, and the Power 86. 
BB = 4.9 AD 6.74 
ID = 5.95 AN 0.9. 
FF = 1.0 NS= 4.44 
CC „. 99 S8 M 1 
NS 6.02 RR o. 63 

88 2.22 


= 


n 
* 


* 


* 


- +. wo 


Fo 
2 
** 1 * 


”, 


15 


— 


1 4 - - 
* K 
= 


W | 
Engrand bf Senor ” 


| 
— 2 * 


* pe 
- 


7 


1 60 OE. 2XX Seki 2 18 19 25 oy 


2 EZ „inart, c avifthey wore allefed. 
| — e erein, 100 oval 


SE 4 Fi 1b = 501% 4 K * Itty 

ang, FT ö * t: [ Fx * : 8. 
. 887 1 nc < IM095 0 
e „ ee e 
ieee _ #437) * F 5 ! ps \ 
131 19 j— 4a: © Toy 0 


Fag. Li 2 Me « Fa * gk Read nit 281. 
11 23 B —_— 


93 22 + Fel 2002 gacr | T- FT 4acr 
9 


ine 4 | - — oo? ab 4-12ar * 
w_ (ER RTE 5 [TALE 1 


2 c 2 6 

133 6 2 24 ＋ rr; 1224 TNT iI; 
ibid. 7 1 1 = 24. r. LIE: r. 
«39129: erte np 11 1 Sa Dade 
140 50 after is, inſert 7 , or: 

143 uit. | I--sRz Is +Rz. 

146 13 or and. 

I47 24 475t+ 64fy —27ty. Arster — 2719, 

— 6rrr, 
149 8 after oY infert 4 . 
, | 3 : R 


2077 3 + Tens) I—R 


164 9 refratted, _ reflected, 

165 14 BVn, the ſecond Dex, By, u, the ſecond De, x, 
166 3 n 6a ＋ 2c — 2 

168 10 787 * 

bid. 18 I 4 4 x 1:2a 

ibid. 19 i; a 2. a 

170 3 after PRor. 1. refer to Plate III. 

180 f after PRor. 2. refer to Plate III. 

183 9 after Microſcopes, refer to Plate III. 

187 2 after PRor. 3. refer to Plate III. 

194 8 after PRop. 4. refer to Plate III. 

196 15 E L. DL 

197 23 aſter PRor. 5. refer to Plate III. | 
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Errata & Corrigenda. 


Tag. Line For = Read 
202 15 -, teſ6 more. 
206 1 lier Pror. refer to Plate III. 
20) 2 enn 1 * 


N. B. For wine of Kd mn, or the fler 14 e in ' 


PLATE b Rays © O and 77 P ſeem parallel 
to one ano but they muſt be ſuppoſed to 
have croſs d at the Center er the Speculus upon 


— At A a produc d, as is repreſented b — 


Rays 0, 9 C, inſtead of O O; for the 

06. 85 rcally come from the Bottom of the 1 
7 Object p o, at o, and the Rays PP from the 
Top mY chad Object at p. | 


1 * ” - 
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